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CHEMICAL COMPOUNDS 



The present inyention relates to heterocyclic amide derivatives, pharmaceutically 
acceptable salts and ia-vivo hydrolysable esters thereof. These heterocyclic amides possess 
5 glycogen phosphorylase inhibitory activity and accordingly have value in the treatment of 
disease states associated with increased glycogen phosphorylase activity and thus are 
potentially useful in methods of treatment of a warmrblooded anioial such as man The 
invmtion also relates to processes for the manufacture of said heterocyclic amide derivatives, 
to pharmaceutical con^ositions containing them and to their use in the manufacture of 
10 medicaments to inhibit glycogen phosphorylase activity in a warmrblooded animal such as 
man. 

The liver is the major organ regulating glycaemia in the post-absorptive state. 
Additionally, although having a smaller role in the contribution to post-prandial blood glucose 
levels, the response of the liver to exogenous sources of plasma glucose is key to an ability to 

15 mafn^flrn euglycaemia. An increased hepatic glucose output (HGO) is considered to play an 
imqportant role in maintaining the elevated fasting plasma glucose (EPG) levels seen in type 2 
diabetics; particularly those with a FPG >140mg/dl (l.SrsM). (Weyer et al, (1999), J Clin 
Invest 104: 787-794; Clore & Blackgard (1994), Diabetes 43: 256-262; De Brouzo, A-, et 
al, (1992) Diabetes Care 15; 318 - 355; Reayen, G.M. (1995) Diabetologia 38; 3-13). 

20 Since current oral, anti-diabetic therapies fail to bring FPG levels to within the normal, 

non-diabetic range and since raised FPG (and glycHbAlc) levels are risk factors for both 
macro- (Charles, M. A. et al (1996) Lancet 348, 1657-1658; Continho, M. et al (1999) 
Diabetes Care 22; 233-240; Shaw, J.E. et al (2000) Diabetes Care 23, 34-39) and 
micro-vascular disease (DCCT Research Group (1993) New. Eng. J. Med. 329; 977-986); the 

25 reduction and normalisation of elevated FPG levels remains a treatment goal in type 2 DM. 

It has been estimated that, after an overnight fast, 74% of HGO was derived from 
glycogenolysis with the remainder derived from gluconeogenic precursors (HeUerstein et al 
(1997) Ami Physiol, 272: E163). Glycogen phosphorylase is a key enzyme in the generation 
by glycogenolysis of glucose- 1-phosphate, and hence glucose in liver and also in other tissues 

30 such as muscle and neuronal tissue. 

Liver glycogen phosphorylase a activity is elevated in diabetic animal models 
including the db/db mouse and the fe/fa rat (Alston S et al (2000). Diabetalogia 43, 589-597). 
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Inhibition of hepatic glycogen phosphorylase with chloroindole inhibitors (CP91149 
and CP320626) has been shown to reduce both glucagon stiniulated glycogenolysis and 
glucose output in hepatocytes (Hoover et al (1998) J Med Chem 41, 2934-8; Martin et al 
(1998) PNAS 95, 1776-81). Additionally, plasma glucose concentration is reduced, in a dose 
5 related manner, db/db and ob/ob mice following treatment with these coH5X)unds. 

Studies in conscious dogs with glucagon challenge in the absence and presence of 
another glycogen phosphorylase inhibitor, Bay K 3401, also show the potential utihty of such 
agents where there is elevated drculating levels of glucagon, as in both Type 1 and Type 2 
diabetes. In the presence of Bay R 3401, hepatic glucose output and arterial plasma glucose 
10 following a glucagon challenge were reduced significantly (Shiota et al, (1997), Am J 
Physiol, 273: E868). 

The heterocyclic amides of the present invention possess glycogen phosphorylase 
inhibitory activity and accordingly are expected to be of use iq the treatment of type 2 
diabetes, insulin resistance, syndrome X, hypermsulinaemia, hyperglucagonaemia, cardiac 
15 ischaemia and obesity, particularly type 2 diabetes. 

Our patent application WO 02/20530 discloses a spectrum of active glycogen 
phosphorylase inhibitors, amongst which are a very limited number of amino-indan 
containing conqpounds. 

Our co-pending patent appHcations PCT/GB03/00883 and PCT/GB03/00875 disclose 
20 a variety of substituted amino-indan glycogen phosphorylase inhibitors, genially containing 
only one subsitutent on the nitrogen of ttie amino-indan moiety, although a number are 
disubstituted and contain an N-acetyl group as one substituent 

Surprisingly, we have found that a group of N-disubstituted amino-indans have 
improved physical properties (for oxeaisplc solubility, plasma-protein binding) in con:5)arison 
25 with that of the con^x^unds previously disclose, which are particularly beneficial for a 
pharmaceutical. 

Accordmg to one aspect of the present invention there is provided a compound of 
formula (1): 
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wherein: 

and together are either -S-C(R^=C(R'')- or -C(R'^)=CCR^)-S- ; 
R^ and R'^ are independently selected from hydrogen, halo, nitro, cyano, hydro;xy, 
fluoiorDethyl, difhioronaefhyl, trifluoromethyl, triftaoronaethoxy, carhoxy, carbamoyl, 
5 (l-4C)alkyl, (2-4Qa]kenyl, (2-4C)aIkynyl, (l-4C)aIkoxy and (l-4C)aIkanoyl; 
A is phenylene or hetCToarylene; 
nisO, lor2; 

R^ is mdependently selected from halo, nitro, cyano, hydroxy, carboxy, carbaimyl, 
i\r-(l-4C)alkylcarbamoyl, iSr,iV^((l-4C)aIkyl)2carbainoyl, sulphamoyl, N-(l- 
10 4C)aIkylsulphamoyl, isr,iV-((l-4C)a]kyl)2SulphamDyl, -S(0)b(l-4C)a]kyl (wheremb is O,l,or 
2), -OS(0)2(l-4C)alkyl, (l-4G)alkyl, (2-4C)alkenyl, (2-4C)a]kynyl, (l-4C)alkoxy, (1- 
4C)a]kanoyl, (l-4C)a]kanoyloxy, hydroxy(l-4C)alkyl, fluoromethyl, difluoromethyl, 
trifluoronaethyl, trifluoromethoxy and -NHS02(l-4C)a]kyl; 

or, whaa n is 2, the two R^ groups, together with the carbon atoms of A to which they are 
15 attached, may form a 4 to 7 membered saturated ring, optionally contaioing 1 or 2 

heteroatoms independently selected from O, S and N, and optionally being substituted by one 
or two naethyl groups; 

one of R^ and R^ is selected from Rna, and the oth^ is selected fromRNb; 
Ri^: (l-3C)aIkyl, halo(l-3C)aIkyl, dihalo(l-3)aIkyl, trifluoromethyl, hydroxy(l-3C)alkyl, ; 
20 dihydroxy(2-3C)aIk:yl, cyano(l-3C)a]kyl, methoxymethyl, ethoxymethyl, methoxyethyl, 
methoxymethoxymethyl, dimethoxyethyl, (hydroxy)(methoxy)ethyl, 5- and 6-menabered 
acetals and mono- and di-methyl derivatives thereof; 

RNb: (l-4C)aIkyl, halo(l-4C)a]kyl, dihalo(l-4C)alkyl, trifluoromethyl, hydroxy(l- 
4C)alkyl, dihydroxy(2-4C)a]kyl, trihydroxy(3-4C)alkyl, cyano(l-4C)alkyl, (l-4C)a]koxy(l- 
25 4C)a]kyl, (l-4C)alkoxy(l-4C)alkoxy(l-4C)alkyl, di[(l-4C)a]koxy](l-4C)a]kyl, (hydroxy)[(l- 
4C)aIkoxy](l-4C)aIkyl, 5- and 6-membered acetals and mono- and di-methyl derivatives 
thereof, 

provided that if R^ is (l-3C)alkyl or (l-4C)alkyl then R^ is not (l-4Qa]kyl or (l-3C)a]kyl; 
or a phatmaceutically acceptable salt or pro-drug thereof 
30 It is to be und^stood that when A is heteroarylene, the bridgehead atoms joinmg ring 

A to the ring may be heteroatoms. Therefore, for example, the definition of 
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when A is heteroarylene eiicorc5)asses the structxires: 

. „ -^^.J^R' Ar- 






5 It is to be xmdCTStood that \s^hfire substitumts contain two substituents on an alkyl 

chain, in which both are linked by a heteroatom (for example two alkoxy substituents), then 
these two sabstitaeots are not substituents on the same carbon atom of the aJkyl chain- 
In another aspect, the invention relates to compotmds of formula (1) as hereinabove 
defined or to a pharmaceuticaUy acceptable salt. 

10 hi another aspect, the invration relates to compounds of formula (1) as hMeinabove 

defined or to a pro-drug thereof. Suitable exan^jles of pro-drugs of compounds of formula (1) 
are in-vivo hydrolysable esters of con:?)Ounds of formula (1). Therefore m another aspect, the 
invention relates to conqraunds of fonnula (1) as hereinabove defined or to an in-vivo 
hydrolysable ester thereof. 

15 It is to be understood that, insofar as certain of the con^unds of formula (1) defined 

above may exist in opticaUy active or racemic fonns by virtue of one or more asymmetric 
carbon atoms, the invention includes in its definition any such optically active or racemic 
form which possesses glycogen phosphorylase inhibition activity. The synthesis of optically 
active forms may be carried out by standard techniques of organic chemistry well known in 

20 the art, for example by synthesis fmm optically active starting materials or by resolution of a 
racemic form. Similarly, the above-mentioned activity may be evaluated using the standard 
laboratory techniqiies referred to hereinafter. ' 

Within the present invention it is to be understood that a compound of the formula (1) 
or a salt thereof may exhibit the phenomenon of tautomerism and that the formulae drawmgs 

25 within this specification can represent only one of the possible tautomeric forms. It is to be 
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understood that the invention encon5)asses any tautomeric fonn which, has glycogen 
phosphorylase inhibition activity and is not to be limited merely to any one tautomeric form 
utilised within the formulae drawings. The formulae drawings withiu this specijBcation can 
represeat only one of the possible tautonaeric forms and it is to be understood that the 

5 specification encompasses all possible tautomeric forms of the compounds drawn not just 
those forms which it has been possible to show gr^hically herein 

It is also to be understood that certain compounds of the formula (1) and salts thereof 
can exist in solvated as well as unsolvated forms such as, for e:Ksmople, hydrated forms. It is to 
be understood that the invention enconpasses all such solvated forms which have glycogen 

10 phosphorylase inhibition activity. 

It is also to be understood that certain compouads of the formula (1) may exhibit 
polymorphism, and that the invention enconq)asses all such forms which possess glycogen 
phosphorylase inhibition activity. 

The present invention relates to the conqpounds of formula (1) as hereinbefore defined 

15 as wen as to the salts thraeof . Salts for use ia pharmaceutical conpositions will be 
pharmaceutically acceptable salts, but other salts may be useful in the production of the 
corcpoiindsof formula (1) and their pharimceuticany acceptable s^^^ Pharmaceutically 
acceptable salts of the invention may, for exan5)le, include acid addition salts of the 
con9)oiinds of formula (1) as hereinbefore defined which are sufficiently basic to form such , 

20 salts. Siich acid addition salts iacliuie for exanq)le salts with inorgamc or orgaiu^ 

affording pharmaceutically acceptable anions such as with hydrogen halides (especially 
hydrochloric or hydrobromic acid of which hydrochloric acid is particularly preferred) or with 
sulphuric or phosphoric acid, or with trifluoro acetic, citric or maleic acid. Smtable salts 
iQclude hydrochlorides, hydrobromides, phosphates, sulphates, hydrogen sulphates, 

25 alkylsulphonates, arylsulphonates, acetates, benzoates, citrates, maleates, fumarates, 
succinates, lactates and tartrates. In addition where the coii5)ounds of formula (1) are 
sufficiently acidic, pharmaceutically acceptable salts may be formed with an inorganic or 
organic base which affords a pharmaceutically acceptable cation. Such salts with inorganic or 
organic bases include for exan5>le an alkali naetal salt, such as a sodium or potassium salt, an 

30 alkaline earth metal salt such as a calcivun or magnesium salt, an ammonium salt or for 

exaniple a salt withmethylamine, dimethylamine, trimethylamine, piperidine, moipholine or 
tris-(2-hydroxyethyl)amine. 
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The con^jounds of the invention may be administered in the form of a pro-drug which 
is broken down in the human or animal body to give a coir5)Ound of the invention. A prodrug 
may be used to alter or improve the physical and/or pharmacokinetic profile of die parent 
comgpoxmd and can be formed when the parent conqwund contains a suitable groi^ or 
5 substituemtwhkjh can be derivatised to form a prodrug. Examples of pro-drugs include in- 
vivo hydrolysable estrars of a compound of the inveaition or apharmaceutically-acc^table salt 
thereof. 

Variotis forms of prodrugs are known in the art, for examples see: 

a) Design of Prodrugs, edited by H. Bundgaard, OHsevier, 1985) and Methods in 
10 Enzymology, VoL p. 309-396, edited by K Widder, et al. (Academic Press, 1985); 

b) A Textbook of Drug Design and Development, edited by Krogsgaard-Larseu and 

H. Bundgaard, Ch^ter 5 'Design and AppUcation of Prodrugs", by H. Bundgaard p. 113-191 
(1991); 

c) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992); 

15 d) H. Bundgaard, et al, Joumal of Pharmaceutical Sciences, 72, 285 (1988); and 
e) N. Kakeya, et al, ChemPharmBull, 22. 692 (1984). 

An in-vivo hydrolysable ester of a conqwimd of formula (1) containing carboxy or 
hydroxy group is, for exannple, a pharmaceutically acceptable ester which is cleaved in the 

20 human or animal body to produce the parent add or alcohol 

Suitable pharmaceutically acceptable esters for carboxy include aUqrl, (1- 
6C)a]koxymethyl esters for example methoxymethyl, (l-6C)a]kanoytoxymethyl esters for 
exanq)le pivaloyloxymethyl, phthaHdyl esters, (3-8C)cycloa]koxycarbonyloxy(l-6C)a]kyl 
esters for example 1-cyclohexylcarbonyloxyethyl; l,3-dioxolen-2-onyhnethyl esters for 

25 example. 5-methyl-l,3-dioxolen-2-onyhnethyl; and (l-6QaIkoxycarbonyloxyethyl esters for 
eXanple 1-methoxycarbonyloxyethyl and may be formed at any carboxy group in the 
coicpounds of this invention. 

Suitable pharmaceuticaUy-acc^table esters for hydroxy include inorganic esters such 
as phosphate esters (including phosphoramidic cycUc esters) and ocracyloxyalkyl ethers and 

30 related conpounds which as a result of the m-vivo hydrolysis of the ester breakdown to give 
the parent hydroxy group/s. Bxswplss of a-acyloxyalkyl ethers include acetoxymethoxy and 
2,2-dimethylpropionyloxymethoxy. A selection of in-vivo hydrolysable ester forming groups 
for hydroxy include (l-lOQaDcanoyl, for example acetyl; benzoyl; phenylacetyl; substimted 
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benzoyl and phenylacetyl, (l-lOQalkoxycarbonyl (to give alkyl carbonate esters), for 
exaiapl& ethoxycarbonyl; di-((l-4C))a]kylcarbainoyl and JV-(di-((l-4C))a]kyla33mloethyl)-i\^- 
((l-4C))a]kylca^ba^)Dyl (to give carbamates); di-((l-4Q)alkylaminoacetyl and carboxyacetyL 
Bxan^les of ring substituralts on phenylacetyl and benzoyl include amiaonQeaiyl, ((1- 

5 4Q)alkylaminoinetibLyl and di-(((l-4C))alkyl)anrinonaetliyl, and moipholino or pip^azino 
linked fix>m a ring nitrogen atom via a mefliylene linking group to the 3- or 4- position of the 
benzoyl ring. Otha: interesting in-vivo hyrolysable esters include, for example, R^(0)0((1- 
6C))a]kyl-CO-, wherein is for exsraple, benzyloxy-((l-4C))aIkyl, or phenyl). Suitable 
substituents on a phenyl group in such esters include, for example, 4-((l-4C))piperazino-((l- 

10 4C))aItyl, piperazino-((l-4C))alkyl and mDrpholino(l-4C)a]kyL 

In this specification the generic term "alkyl" includes both straight-chain and 
branched-chain aDcyl groups. However references to individual alkyl groups such as "propyl" 
are specific for the straight chain version only and references to individual branched-chain 
alkyl groups such as f-botyl are specific for the branched chain version only. For example, 

15 "(l-4C)a]kyr' includes naethyl, ethyl, propyl, isopropyl and ^butyl and examples of "(1- 
GQaOsyl" include the exanq>les of "(l-4C)alkyl"and additmnally pentyl, 2,3-dimethylpropyl, 
S-methylbutyl and hexyL An analogous convention £^lies to other generic terms, for 
exan^le "(2-4C)a]kenyl" includes vinyl, allyl and 1-piopenyl and exan?)les of "(2- 
6Qalkenyr' include the examples of "(2-4Qa]kenyl" and additionally 1-butenyl, 2-butenyl, 

20 3-batenyl, 2-methylbut-2-enyl, 3-methylbut-l-aiyl, l-pentenyl, 3-pentenyl and 4-hexenyL 
Examples of "(2-4C)a]kynyr' mchides ethynyl, 1-propynyl and 2-propynyl and exan?)les of 
"Ca^alkynyr'include the exan5)les of "(2-4C)a]kynyl" and additionally 3-butynyl, 2-pentynyl 
and l-methylpent-2-ynyl. 

The term "hydroxy(l-4C)a]kyr' includes hydroxymethyl, hydroxyethyl, 

25 hydroxypropyl, hydroxyisopropyl and hydroxybutyL The term "hydroxy(l-4C)a]kyl" also 
includes hydroxycyclopropyl and hydroxycyclobutyL The term "hydroxyethyl" includes 1- 
hydroxyethyl and 2-hydioxyethyL The term "hydroxypropyl" includes 1-hydroxypropyl, 2- 
hydroxypropyl and 3-hydroxypropyl and an analogOTOs convention applies to terms such as 
hydroxybutyL The term "dihydroxy(2-4C)a]kyl" includes dihydioxyethyl, dihydroxypropyl, 

30 dihydroxyisopropyl and dihydroxybutyl The torn "dihydroxypropyl" includes 1,2- 

dihydioxypropyl, 2,3-dihydioxypropyl and 1,3-dihydroxypropyL An analogous convention 
applies to trams such as dihydroxyisopropyl and dihydroxybutyL The term dihydroxy(2- 
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4C)a]kyl is not intended to include structures which are geminally disubstituted and thereby 
unstable. 

The term "trihydroxy(3-4C)alkyl" includes 1,2,3-trihydroxypropyl and 1,2,3- 
trihydroxybutyL The teimtrihydroxy(3-4C)a]kyl is not mtended to mchide structures which 
5 are geminally di- or tri-substituted and thereby unstable. 

The term "halo" refers to fluoro, chloro, bromo and iodo. The term "dihalD(l- 
4C)alkyl" mcludes difluoromethyl and dichloromethyL The term **trihalo(l-4C)alkyl" 
includes trifluoromethyL 

Exanqjles of "5- and 6-membered cyclic acetals and mono- and di-methyl derivatives 

10 thereof are: 

l,3-dioxolan-4-yl, 2-methyl-l,3-dioxolan-4-yl, 2,2-dnnethyl-l,3-dioxolan-4-yl; 2,2- 
dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl; l,3-dioxan-2-yL 

Examples of "(l-4C)alkoxy" include methoxy, ethoxy, propoxy and isopropoxy. 
Exanqjles of "(l-6C)a]koxy" mclude the exan5)les of "(l-4C)alkoxy" and additionally 

15 butyloxy, f-butyioxy, peutoxy and l,2-(methyl)2propoxy. Exanples of "(l-4C)alkanoyl" 
include fbrmyl, acetyl and propionyL Examples of "(l-6C)alkanoyl" include the example of 
"(l-4Qa]kanoyl" and additionally butanoyl, pentanoyl, hexanoyl and l,2-(mBthyl)2propionyL 
Bxanq)les of "(l-4C)alkanoyloxy" are formyloxy, acetoxy and propionoxy. Examples of "(1- 
6C)aIkanoyloxy*' include the exsanples of 'Xl-4C)a]kanoyloxy** and additionally butanoyloxy, 

20 pentanoyloxy,hexanoyto3Qrandl,2-(mediyl)2propionyloxy. Examples of 

4C)aIkyl)ammo" include methylamino and efhylamino. Examples of •W-((l-6C)alkyl)amino*' 
include the exan5>les of "iV-((l-4QaIkyl)amino" and additionally pentylamino, hexylamino 
and 3-niethyIbutylamino. Examples of "iV;iNr-((l-4C)a]kyl)2amino" hsctad&N-N- 
(methyl)2amino, iV-iy^(ethyl)2armno andiNT-ethyl-N-methylamino. Bxanqiles of"N.N-(.(l- 

25 6C)a]kyl)2amino" include the example of "iV;iSr-((l-4C)alkyl)2amino" and additionaUy N- 
methyl-iV-pentylamino andiV;iV-(pentyl)2amino. Examples of 'W-((l-4C)a]kyl)carbamoyl" 
are methylcarbamoyl and ethylcarbampyl. Examples of 'W-((l-6C)alkyl)carbamoyr' are the 
exanqjles of "JV-((l-4C)aIkyl)carbamDyr'and additionally pentylcarbamoyl, hexylcarbamoyl 
and l,2-(methyl)2propylcarbamoyl. Examples of «iV;iV-((l-4Qalkyl)2carbamoyr' are N,N- 

30 (mBthyl)2carbamDyl,iV;iV-(ethyl)2carbamoyl and iST-methyl-N-ethylcarbamoyl. Examples of 
"JV;i\r-((l-6C)alkyl)2carbamDyr are the Gxsnxplps of "A/;i\r-((l-40alkyl)2carbamoyl" and 
additionally iV;JV-(pentyl)2carbamDyl, iV-methyl-iV-pentylcarbamDyl and N-^Hhyl-N- 
hexylcarbamoyL Exanxp\&s of 'W-((l-4C)a]kyl)sulphamDyl" are JNr-(methy^)sulphamoyl and 
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JV-(eth.yl)sulphamDyI Examples of 'W-((l-6C)a]kyl)svaphamoyr' are the examples of 'W-((l- 
4C)aIkyl)sulpliamDyl" and additionally iN^-pentylsulphamoyl, JST-hexylsulphamoyl and 1,2- 
(methyl)2propylsnlpliamoyL Exaii5>les of "iV;iV-((l-4C)alkyl)2Sulpliamoyr' are 
JV;iV^(meiaiyl)2Sulpl)amoyl, JV^^<elliyl)2Sulpliaii»yl andiSr-(inetliyl)-iV-(eli^^^ 
5 Exan^jles of "iV;i\^((l-6C)alkyI)2SuIpliamoyl" are the &7(saapl&s of "N,N-C(1- 
4Q)aIkyl)2snlpliamDyl" and additionally jy;JV'-(peaityl)2Sulphamoyl, N-vo&thyl-N- 
prattylsulphamDyl and JV-ethyl-iyT-hexylsu^hamoyl. 

Exan^les of "cyano((l-4C))aIIqfl" are cyanomethyl, cyanoethyl and cyanopiopyL 
Examples of "(S-VQcycloalkyr are cyclopraityl, cyclohexyl and cycloh^tyl Bxaiiq)les of 

10 "(3-8Qcycloa]kyl" and "(3-7C)cycloalkyl" include "(5-7C)cycloa]kyl", cyclopropyl, 

cyclobutyl and cyclooctyL Examples of "(3-6Qcycloalkyl" include cyclopropyl, cyclobxityl, 
cyclopentyl and cyclohexyl. Examples of "(3-6C)cycloaIkyl(l-4C)a]kyl" include 
cyclopropylmethyl, cyclopropylethyl, cyclopropylpropyl, cyclobutylmethyl, 
cyclopentylmethyl and cyclohexyhnethyL 

15 The term "anuno(l-4C)alkyl" includes aminomethyl, aminoethyl, aminopropyl, 

anunoisopropyl and aminolmtyl The torn "aminoethyl" includes l-aminoethyl and 2- 
aminDethyL The tenn "aminopropyl" includes 1-aminopropyl, 2-aminopropyl and 3- 
aidnopropyl and an analogous convention applies to terms such as aminoethyl and 
amino'butyL 

20 Exanq)les of "(l-4C)a]koxy(l-4Qalkoxy" are methoxymethoxy, ethoxymethoxy, 

ethoxyethoxy and methoxyethoxy. Exan5)les of "hydroxy(l-4C)a]koxy" are hydroxyethoxy 
and hydroxypropoxy. Examples of "hydroxypropoxy" are 2-liydroxypropoxy and 3- 
hydroxypropoxy. Examples of "(l-4C)alkoxy(l-4C)aIkyr' include metho^ntnethyl, 
ethoxymethyl, methoxyethyl, ethoxypropyl and propoxymethyL Exanples of "(1- 

25 4C)aIkoxy(l-4Qa]koxy(l-4C)a]kyl" include methoxymethoxymethyl, ethoxyethoxyethyl, 
ethoxymethoxymethyl, mefhoxyethoxymethyl, methoxymethoxyethyl, methoxyethoxyethyl 
and ethoxymethoxymethyL 

Exanq)les of "-S(0)b(l-4C)aIkyl (wherein b is 0,1 or 2)" include methylthio, ethylthio, 
propylthio, methylsu]^hinyl, ethylsulphinyl, propanesulphinyl, mesyl, ethylsulphonyl, 

30 propylsulphonyl and isopropylsulphonyL 

Examples of "(l-6C)alkoxycarbonyl" include naethoxycarbonyl, etboxycarbonyl, n- 
and MmtoxycarbonyL 
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Within this specification conoposite terms are used to describe groups conqsrising 
more that one functionaUty such as -(l-4C)aIkylS02(l-4C)a]kyl. Such terms are to be 
interpreted in accordance with the meaning which is understood by a person skilled in the art 
for each component part For example -(l-4C)a]kylS02(l-4C)aIkyl includes 

5 -methylsa^honylmethyl, -methylsulphonylethyl, -elhylsulphonyhnethyl, and 
-propylsulphonylbutyi 

Whra« optional substituents are chosen from "0, 1, 2 or 3" groups it is to be 
understood that this definition includes all substituents being chosen from one of the specified 
groups or the substituents being choseu from two or more of the specified groups. An 

10 analogous convraition ^hes to substituents chose from "0, 1 or 2" groups and "1 or 2" 
groups. 

"Heteroarylene" is a diradical of a heteroaryl group. A heteroaryl group is an aryl, 
monocycUc ring containing 5 to 7 atoms of which 1, 2, 3 or 4 ring atoms are chosen from 
nitrogen, sulphur or oxygen. Exanples of heteroarylene are oxazolylene, oxadiazolylene, 

15 pyridylene, pyrimidinylene, imidazolylene, triazolylene, tetrazolylene, pyrazmylene, 
pyridazinylene, pynolylene, thienylene and furylene. 

Suitable optional substituaits for hetCToaryl groups, unless otherwise defined, are 1, 2 
or 3 substituents indq)endeaitly selected fromhalo, cyano, nitro, ammo, hydroxy, (l-4Qa]kyl, 
(l-4Qa]koxy, (l-4C)alkylS(0)i, (wherein b is 0, 1 or 2), J\K(l-4C)alkyl)amino and JV,iV^((l- 

20 4C)a]kyl)2amino. Further suitable optional susbtituents for "heteroaryl" groups are 1, 2 or 3 
substituents independently selected fromfluoro, chloro, cyano, nitro, amino, methylamino, 
dimethylamino, hydroxy, methyl, ethyl, melhoxy, methylthio, methylsulfinyl and 
methylsulfonyl. 

Preferred values of A, to and n are as follows. Such values may be used where 
25 ^propriate with any of the definitions, claims, aspects or embodiments defined hereinbefore 
or hereinafter. 

In one embodmoent of the invention are provided compounds of formula (1), in an 
alternative embodiment are provided pharmaceutically-acceptable salts of con:5)Ounds of 
formula (1), m a further altonative embodiment are provided in-vivo hydrolysable esters of 
30 con^wunds of formula (1), and in a further altonatrve embodiment are jMravided 

phannaceotically-acceptable salts of in-vivo hydrolysable esters of con?JOunds of formula (1). 

In one aspect of the present invention there is provided a compound of foramla (1) as 
depicted above wherein and are together -S-C(R*)=C(R'')-. 
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In another aspect of the invention R"* and are together -C(R'^)=C(R^)-S-. 
In a further aspect of the mvention, R^ and are independently selected from 
hydrogen, halo or (l-6C)aIkyL 

Preferably R^ and R^ are independently selected from hydrogen, chloro, bromo or 

5 methyl 

Particularly R^ and R^ are independently selected from hydrogen or chloro. 
More particularly one of R^ and R^ is chloro. 

In one enabodiment, one of R^ and R^ is chloro and the other is hydrogen. 
In another embodiment, both R^ and R^ are chloro. 
10 la one aspect of the invention A is phenylene. 

In another aspect of the invention A is heteroarylene. 

Preferably A is selected from phenylene, pyridylene, pyrimidtnylene, pyrrolylene, 
imidazolylene, triazolylene, tetrazolylene, oxazolylene, oxadiazolylene, thienylene and 
furylene. 

15 Further suitable values for A are phenylene, pyridylene, pyrimidinylene, pyrrolylene 

and imidazolylene. 

Further suitable values for A are phraylene, pyridylene and pyrimidinylene. 

Further suitable values for A are phenylene and pyridylene. 

In one embodiment, when A is heteroarylene, there is a nitrogen in a bridgehead 
20 position. Manother embodiment, when A is heteroarylene, the heteroatoms are not i^ 
bridgehead positions. It will be appreciated that tbe preferred (more stable) bridgehead 
position is as shown below: 




In one aspect of the invention n is 0 or 1. 
25 In one aspect preferably n is 1. 

In another aspect, preferably n is 0. 

When n is 2, and the two R^ groups, together with the carbon atoms of A to which 
they are attached, form a 4 to 7 menibered saturated ring, optionally containing 1 or 2 
heteroatoms independently selected from O, S and N, conveniently such a ring is a 5 or 6 
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membered ring. la one embodiment, such a 5 or 6 membered ring contains two O atoms (ie a 
cyclic acetal). When the two groups togetha: form such a cyclic acetal, preferably it is not 
substituted. Most preferably the two groups together are the group -O-CH2-O-. 

In another aspect of the present invention R^ is selected from halo, nitro, cyano, 
5 hydroxy, flnoromethyl, difluoromethyl, trifluoromethyl and (l-4C)a]koxy. 

In a further aspect R^ is selected from halo, nitro, cyano, hydroxy, fltuoromethyl, 
difluoromethyl, trifluoromBthyl, -S(0)b(l-4Qa]kyl (wherein b is 0, 1 or 2), -0S(0)2(1- 
4C)aIkyl, (l-4Qalkyl and (l-4C)a]koxy. 

hi a further aspect R^ is selected fromhalo, nitro, cyano, hydroxy, fluoromethyl, 
10 difluoromethyl, trifluoromethyl, -S(0)bMe (whaeinb is 0, 1 or 2), -0S(0)2Me, methyl and 
methoxy. 

In a further aspect, R^ is (l-4C)a]kyL 

Preferably R^ is selected fromhalo and (l-4C)a]koxy. 

hi another embodimait preferably R^ is selected fromfluoro, chloro, methyl, ethyl, 

15 metho:^and-0-CH2-0-. 

hi one aspect R^ is selected fromRNa where Rwa is selected from 
RNa: (l-3C)alkyl, halo(l-3C)a]kyl, dihalo(l-3)a]kyl, trifluoromethyl, hydroxy(2-3C)a]kyl, 
dihydroxy(2-3Qalljyl, cyano(l-3C)aIkyl, methoxymethyl, etho3qmaethyl, methoxyethyl, 
meflioxymethoxymethyl, dhnethoxyethyl, (hydroxy)(mBthDxy)ethyl, 5- and 6-memibered 

20 acetals and mono- and di-methyl derivatives thereof; 
and R^ is selected from I^b where Rwh is selected from: 
RNb: (l-4C)a]kyl, halo(l-4C)a]kyl, dihalo(l-4C)a]kyl, trifluoromethyl, 
hydroxy(l-4C)a]kyl, dihydroxy(2-4C)a]kyI, trihydroxy(3-4C)a]kyl, cyano(l-4Qa]kyl, 
(l-4C)a]koxy(l-4C)a]kyl,(l-4C)a]koxy(l-4C)a]koxy(l-4C)aIkyl,di[(l-4C)a]koxy3(l- 

25 4C)aIkyl, (hydroxy)[(l-4C)a]koxy](l-4C)a]kyl, 5- and 6-membered acetals and mono- and di- 
methyl derivatives thereof; 

provided that when Rwa is (l-3C)a]kyl, then Rnb is not (l-4C)a]kyl. 

In another aspect R^ is selected fromRna where Rwa is selected from 
RNa: (l-3C)alkyl, halo(l-3C)a]kyl, dihalo(l-3)alkyl, trifluoromethyl, hydroxy(l-3Qa]kyl, 
30 dihydroxy(2-3Qa]kyl, cyano(l-3C)aIkyl, noethoxymethyl, ethoxymethyl, methoxyethyl, 
methoxymethoxymethyl, dhnethoxyethyl, (hydroxy)(mBthoxy)ethyl, 5- and 6-merhbered 
acetals and mono- and di-methyl derivatives thereof; 
and R^ is selected fromRNb where Rwh is selected fronr 
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Rnb: (l-4C)a3kyl, lialo(l-4C)a]kyl, dihalo(l-4C)a]kyl, trifluoromethyl, 
h.ydroxy(2-4C)aIkyl, dihydroxy(2-4Qalkyl, traiydroxy(3-4C)a]kyl, cyano(l-4C)a]kyl, 
(l-4C)a]koxy(l-4C)aIkyl, (l-4Qa]koxy(l-4C)alkoxy(l-4QaIkyl, di[(l-4C)alkoxy](l- 
4C)alkyl, (hydioxy)[(l-4C)a]koxy](l-4C)a]]qrl, 5- and 6-meinbered acetals and mono- and di- 

5 methyl derivatives thereof; ... 
provided that when Rjoa is (l-3Qalkyl, then RNb is not (l-4QaIkyL 

In one aspect, Rwa is selected from (l-3C)a]kyl, halo(l-3C)a]kyl, dihalo(l-3Qa]kyl, 
trifluoromethyl, hydroxy(l-3C)aIkyl, dfliydroxy(2-3C)a]kyl and cyano(l-3QalkyL 

In one embo(Mment Rna is selected fix>m methyl, ethyl, fluoromethyl, cMoromethyl, 
10 dichloromethyl, difluoromethyl, trifluoromethyl, hydroxymethyl, hydroxyethyl, 
hydroxypropyl, dihydroxy ethyl, dihydroxypropyl and cyanomethyi 

In another aspect Rwa is selected from (l-4C)a]kyl, hydroxy(l-4Qa]kyl, and 
(l-4C)a]koxy(l-4C)alkyl. 

In anoth^ embodiment Rna is selected from: 
15 (l-3C)aIkyl, halo(l-3C)a]kyl, dihalo(l-3C)aIkyl, trifluoromethyl, hydroxy(l-3C)a]kyl, 
dihydroxy(2-3C)a]kyl, cyano(l-3QaIfcyl, methoxymethyl, ethoxymethyl, methoxyethyl, 
methoxymethoxymethyl, dnnetho:qrethyl and (hydroxy)(nQethDxy)ethyL 

In another enibodicDent Riga is selected from: 
methyl, ethyl, fluoromethyl, difluoromethyl, trifluoromethyl, hydroxymethyl, hydroxyethyl, 
20 dihydroxyethyl, dihydroxypropyl, methoxymethyl, methoxyethyl and dimethoxyethyL 
In another embodiment Rns is selected fronr 
methyl, ethyl, hydroxymethyl, hydroxyethyl, dihydroxyethyl, and dihydroxypropyl. 
In another embodinaent Rwa is selected from naethyl and ethyL 
hi one embodiment RNb is selected fromhydroxy(l-4C)alkyl, dihydroxy(2-4C)a]kyl, 
25 trihydroxy(l-4C)a]kyl, (l-4C)a]koxy(l-4Qa]kyl, (l-4C)a]koxy(l-4C)alkoxy(l-4C)a]kyl, 
di[(l-4C)a]koxy](l-4C)alkyl, (hydroxy)[(l-4C)aIkoxy](l-4C)alkyl, 5- and 6-membered 
acetals and mono- and di-methyl derivatives thereof. 

In another embodiment Rwb is selected from hydroxy(l-4C)a]kyl, dihydroxy(2- 
4C)aIkyl, trihydroxy(3-4C)a]kyl, 5- and 6-wembex&d acetals and mono- and di-methyl 
30 derivatives thereof. 

In another embodiment Rwh is selected from hydroxy(l-4Qa]kyl and dihydroxy(2- 

AQsSkyl 
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In one aspect is selected fromliydroxymethyl, hydroxyethyl, hydroxypropyl, 
dfliydroxyethyl, 1,2-dihydroxypropyl, 2,3-djliydroxypropyl, 1,3-dih.ydroxypropyl, 1,2,3- 
trihydroxypropyl, methoxymethyl, methoxyethyl, mettioxymefhoxyinethyl, dimethoxyethyl, 
hydroxyethoxyethyl, ,3-dioxolan-4-yl, 2-methyl-l,3-dioxolaii-4-yl, 2,2-dimethyl-l,3- 
5 diDxolan-4-yl; 2,2-draietliyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl; l,3-dioxaji-2-yl. 

Jn. another aspect Ri* is selected ftxjmhydroxymethyl, hydroxyethyl, hydroxypropyl, 
dihydroxyethyl, 1,2-dihydroxypropyl, 2,3-dihydroxypropyl, 1,3-dihydroxypropyl, ,3- 
dioxolan-4-yl, 2-methyl-l,3-diDxolaii-4-yl, 2,2-dimethyl-l,3-dioxolan-4-yl; 2,2-dimethyl- 
l,3-dioxan.-4-yl-, 2,2-diinethyl-l,3-dioxan-5-yl; l,3-dioxaii-2-yL 
10 Itt anothra- aspect Rwh is selected from hydroxymethyl, hydroxyethyl, hydroxypropyl, 

dihydroxyethyl, 1,2-dihydroxypropyl, 2,3-dihydioxypropyl, and 1,3-dihydroxypropyL 

In one aspect of the invesntion is pro-vided a conc5X)imd of the formaila (J) whex&m 
A is phenylene; 
n is 0, 1 or 2; 

15 and are together -S-C(R*)=C(R^)- or -C(RVC(R^)-S-; 

R^ and R^ are independently selected fromhydrogen, chloro, bromo or noethyl; 
R^ is selected from fluoro, chloro, methyl, ethyl, metho3iy and -O-CH2-O-; 
R^ is selected from Rwa where Rwa is selected from 

Rwa: (l-3C)aIkyl, ha]D(l-3C)a]kyl, dihalo(l-3)a]kyl, trifluoromethyl, hydroxy(2-3C)a]kyl, 
20 dihydioxy(2-3Qa]kyl, cyano(l-3C)aIkyl. methoxymefliyl, ethoxymefhyl, methoxyethyl, 

methoxymethoxymethyl, dimethoxyethyl, (hydroxy)(methoxy)ethyl, 5- and 6-meinbered 

acetals and mono- and di-methyl derivatives thereof; 

and R^ is selected from Rnb whrae Rijh is selected froncu 

RNb: (l-4C)a]kyl, halo(l-4C)alkyl, dihalo(l-4C)a]kyl, trifhioromethyl, 
25 hydroxy(l-4C)a]kyl, dihydroxy(2-4C)a]kyl, trihydroxy(3-4C)alkyl, cyano(l-4C)aIkyl, 

(l-4C)alkoxy(l-4C)alkyl, (l-4C)aIkoxy(l-4C)a]koxy(l-4C)a]kyl, di[(l-4C)aIkoxy](l- 

4C)a]kyl, (hydroxy)[(l-4C)aIkoxy](l-4C)a]kyl, 5- and 6-membered acetals and mono- and di 

methyl derivatives thereof; 

provided that wheaRhia is (l-3C)alkyl, thenRwh is not (l-4C)alkyl; 
30 and pharmaceuticany acceptable salts and in-vivo hydrolysable esters thereof. 

In another aspect of the invention is provided a concqxjtmd of the formula (J) wherein 
A is heteroarylene; 
n is 0, 1 or 2; 
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R'' and are together -S-C(R^=C(R'y or -CQSJ)=C(R^-S-; 

R^ and R'' are independently selected from hydrogen, chloro, bromo or methyl; 

R^ is selected from fluoro, chloro, methyl, ethyl, metboxy and -O-CH2-O-; 

R^ is selected from R^a. where R^^a is selected from 
5 RNa: (l-3QaIkyl, halo(l-3C)aIkyl, dihalo(l-3)a]kyl, trifhioromethyl, hydroxy(2-3C)alkyl, 

dihydioxy(2-3C)alkyl, cyaiiD(l-3C)aIIqrl, methoxymethyl, ethoxymethyl, methoxyethyl, 

metboxymetho^^methyl, dimethoxyethyl, (hydroxy)(naethoxy)ethyl, 5- and 6-membCTed 

acetals and mono- and di-methyl derivatives thereof; 

and R' is selected from RNb where RNb is selected from: 
10 RNb: (l-4C)a]kyl, halo(l-4C)a]kyl, dihalo(l-4C)aIkyl, trifluoromethyl, 

hydrcxy(l-4C)a]kyl, djhydroxy(2-4Qa]kyl, trihydroxy(3-4C)a]kyl, cyano(l-4C)a]kyl, 

(l-4C)a]koxy(l-4C)a]kyl, (l-4C)a]koxy(l-4C)alkoxy(l-4C)aIkyl, di[(l-4C)a]koxy](l- 

4C)a]kyl, (hydroxy)[(l-4C)a]koxy](l-4C)a]kyl, 5- and 6-me3iibered acetals and mono- and di- 

noethyl derivatives thereof; 
15 and pharmaceutically acceptable salts and in- vivo hydrolysable esters thereof. 

In. one aspect of the invention is provided a conapoimd of the formula (I) whereia 

A is phenylene; 

nisO, 1 or 2; 

R"* and R^ are togetha: -S-C(RVC(RV or -C(R'y=C(R^-S-; 
20 R* and R^ are independently selected from hydrogen, chJoro, bromo or methyl; 
R* is selected from fhioro, chloro, methyl, ethyl, metlioxy and -O-CH2-O-; 
R^ is selected from Rwa where Rwa is selected from 

Rno: (l-3Qa]kyl, halo(l-3C)a]kyl, dihalo(l-3)a]kyl, trifluoromethyl, hydroxy(l-3C)alkyl, 
dihydroxy(2-3C)a]kyl, cyano(l-3C)alkyl, methoxymethyl, ethoxymethyl, methoxyethyl, 

25 methoxymethoxymethyl, dhnethoxyethyl, (hydroxy)(methoxy)ethyl, 5- and 6-membered 
acetals and mono- and di-methyl derivatives thereof; 
and R^ is selected from Rwh where Rwh is selected from: 
Rigb: (l-4C)a]kyl, halo(l-4C)aIkyl, dihalo(l-4C)alkyl, trifluoromethyl, 
hydroxy(2-4C)alkyl, djhydioxy(2-4C)alkyl, trihydroxy(3-4C)alkyl, cyano(l-4Qalkyl, 

30 (l-4C)alkoxy(l-4C)alkyl, (l-4Qa]koxy(l-4C)aIkoxy(l-4C)aIkyl, di[(lr4Qa]koxy](l- 

4Qalkyl, (hydroxy)[(l-4QaIkoxy](l-4C)alkyl, 5- and 6-n3emibered acetals and mono- and di- 
methyl derivatives thereof; 

provided that whenRNa is (l-3C)a]kyl, then RNb is not (l-4C)a]kyl; 
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and phannaceuticaUy acceptable salts and in-vivo hydrolysable esters thereof. 

In another aspect of the invention is provided a compound of the formula (I) wherein 
A is heteroarylene; 
n is 0, 1 or 2; 

5 and are together -S-C(R^)=C(R')- or -C(R^)=C(R^)-S-; 

R^ and R'' are independently selected from hydrogen, chloro, hronao or noethyl; 
R^ is selected from fluoro, chloro, methyl, ethyl, methoxy and -O-CH2-O-; 
R^ is selected from Rua where Rwa is selected from 

Rnb: (l-3C)aIkyl, halo(l-3C)a]kyl, diha]o(l-3)a]kyl, triflooromethyl, hydroxy(l-3Qalkyl, 
10 dihydioxy(2-3Qa]kyl, cyano(l-3Qalkyl, methoxymethyl, efhoxymethyl, methoxyetliyl, 
methoxymethoxymethyl, dnnethoxyethyl, (hydroxy)(methDxy)ethyl, 5- and 6-membered 
acetals and mono- and di-naethyl derivatives thereof; 
and R^ is selected from RNb where Rnb is selected fronx 
RNb: (l-4C)alkyl, halo(l-4C)aIkyl, dihalo(l-4C)a]kyl, trifluorometiiyl, 
15 hydroxy(2-4C)a]kyl, diliydroxy(2-4C)alkyl, trihydroxy(3-4C)alkyl, cyano(l-40a]kyl, 
(l-4C)a]koxy(l-4C)a]kyl, (l-4C)a]koxy(l-4C)a]koxy(l-4C)a]kyl, di[(l-4C)a]koxy](l- 
4C)alkyl, (hydioxy)[(l-4C)a]koxy](l-4C)aIkyl, 5- and 6-membered acetals and mono- and di- 
methyl derivatives thereof; 

and pharmaceutically acceptable salts and m-vivo hydrolysable esters thereof. 
20 hi another aspect of the invention is provided a conqwimd of the formula (T) wherein 

A is phenylene; 
n is 0, 1 or 2; 

R^ and R^ are together -S-C(R^)=C(R'')- or -C(RVC(R^)-S-; 

R^ and R*^ are independently selected from hydrogen, chloro, bromo or methyl; 

25 R^ is selected from fluoro, chloro, methyl, ethyl, methoxy and -O-CRz-O-; 
one of R^ and R^ is selected fromRNa, and the other is selected from RNb; 
RNa is selected from: (l-3Qa]kyl, halo(l-3C)a]kyl, dihalo(l-3C)a]kyl, trifluoromethyl, 
hydroxy(l-3C)alkyl, dihydroxy(2-3C)alkyl, cyano(l-3Qa]kyl, methoxymethyl, 
ethoxymethyl, methoxyethyl, noethoxymethoxymethyl, dnnethoxyethyl and 

30 (hydroxy)(naethoxy)ethyl; 

Rub is selected from: hydroxy(l-4C)a]kyl, dihydroxy(2-4C)a]kyl, trihydroxy(l-4C)a]kyl, (1- 
4Qalkoxy(l-4C)a]kyl, (l-4C)aIk03cy(l-4C)alkoxy(l-4C)a]kyl, di[(l-4C)aIkoxy](l-4Qalkyl, 
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(hydroxy) [(l-4C)aIkoxy](l-4C)aIkyl, 5- and 6-iiieinbered acetals and naono- and di-mefhyl 
derivatives thereof ; 

and phannaceutically acceptable salts and in-vivo hydrolysable esters thereof. 

In another aspect of the invention is provided a conq)oiind of the fommla (I) wherein 
5 A is phenylene; 
nisO, lor2; 

and are together -S-CCRVW)- or -C(RVC(R^)-S-; 
R^ and R*' are independently selected from hydrogen, chloro, bromo or naBthyl; 
R^ is selected from fluoro, chloro, methyl, ethyl, methoxy and -O-CH2-O-; 
10 one of R^ and R^ is selected from Rna, and the other is selected from Rnb; 

Rna is selected from msthyl, ethyl, fluoromethyl, difluoromethyl, trifluoromethyl, 
hydroxymethyl, hydroxyethyl, dihydroxyethyl, dihydroxypropyl, methoxymethyl, 
methoxyethyl and dimetho3Q^ethyl 

R^b is selected from: hydroxymethyl, hydroxyethyl, hydroxypropyl, dihydroxyethyl, 1,2- 
15 dihydroxypropyl, 2,3-dihydroxypropyl, 1,3-dihydroxypropyl, 1,2,3-trihydroxypiopyl, 

methoxynoethyl, noethoxyefhyl, methoxymefhoxymethyl, dimethoxyethyl, 

hydroxyethoxyethyl, ,3-dioxolan-4-yl, 2-methyH,3-dioxolan-4-yl, 2,2-dimethyl-l,3- 

dioxolan-4-yl; 2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl-l,3-dioxan-5-yl; l,3-dioxan-2-yl; 

and pharmaceutically acceptable salts and in-vivo hydrolysable esters thereof. 
20 In another aspect of the invention is provided a compound of the formula (T) wherein 

A is phenylene; 

n is 0, 1 or 2; 

R^ and R^ are together -S-C(R^)=C(R'')- or -C(R^)=C(R^)-Ss 
R^ and R^ are independently selected from hydrogen, chloro, bromo or methyl; 
25 R^ is selected from jttuoro, chloro, methyl, ethyl, methoxy and -O-CH2-O-; 
one of R^ and R^ is selected fromRwa, and the other is selected fromRNb; 
RNa is selected from: methyl, ethyl, hydroxymethyl, hydroxyethyl, dihydroxyethyl, and 
dihydroxypropyl; 

Rwb is selected from: hydroxymethyl, hydroxyethyl, hydrojcypropyl, dihydroxyethyl, 1,2- 
30 dihydroxypropyl, 2,3-dihydroxypropyl, 1,3-dihydroxypropyl, ,3-dioxolan-4-yl, 2-methyl-l,3- 
dioxolan-4-yl, 2,2-dimethyl-l,3-dioxolan-4-yl; 2,2-dimethyl-l,3-dioxan-4-yl; 2,2-dimethyl- 
l,3-dioxan-5-yl and l,3-dioxan-2-yl; 

and pharmaceutically acceptable salts and in-vivo hydrolysable esters thereof. 
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In another aspect of the invention is provided a compound of the formula (I) wherein 



A is phenylene; 
nisO; 

5 and are togeflier -S-C(RVC(R^)- or -C(R^)=C(R^)-S-; 
R^ and R^ are independently selected from hydrogen or chloro; 
R^is(l-4C)aIkyl; 

one of R^ and R^ is selected fromRNa, and the other is selected from Rnb; 

Rwa is selected from: methyl and ethyl; 
10 Rnb is selected fromhydroxymethyl, hydroxyethyl, hydroxypropyl, dihydroxyethyl, 1,2- 

dihydroxypropyl, 23-dihydroxypropyl, and 1,3-dihydroxypropyl; 

and pharmaceutically acceptable salts and in-vivo hydrolysable esters thereof. 

Particular coxDpounds of the invention are each of the Exan5)les, each of which 

provides a further independent aspect of the invention. 
15 Another aspect of the present invention provides a process for preparing a cortpound 

of foimola (1) or a pharmaceutically acceptable salt or an in-vivo hydrolysable ester thereof 

which process (wherein A, R^ to R^ and n are, unless otherwise specified, as defined in 

formula (1)) conqnises of: 

a) reacting an acid of the formula (2): 





of formula (3): 
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iii) formiag a pharmaceutically acceptable salt or in-vivo hydrolysable ester. 

Specific reaction conditions for the above reaction are as follows. 

Process a) Acids of formula (2) and amines of formula (3) may be coupled 
together in the presence of a suitable coupling reagent. Standard peptide coupling reagents 
5 known in the art caa be en[?)loyed as suitable coupling reagents, or for exan5)le 

carbonyldiimidazole, l-ethyl-3-(3-dniiethylaminDpropyl)carbodi-iimde hydrochloric (BDCI) 
and dicyclohexyl-carbodiimide (DCCT)^ optionally in the presence of a catalyst such as 1- 
hydroxybenzotriazole, dimethylaminopyridine or 4-pyrrolidinopyridine, optionally in the 
presence of a base for exainple triethylamine, di-isopropylethylamine, pyridine, or 
10 2,6-di-aZityZ-pyridines such as 2,6-kitidine or 2,6-di-fgr^-butylpyridine. Suitable solvents 
iQclude dimethylacetamide, dichloromethane, benzene, tetrahydrofuran and 
dimethylformamide. The coupling reaction may conveniently be performed at a temperature 
in the range of -40 to 40°C. 

Suitable activated acid derivatives include acid halides, for example acid chlorides, 
15 and active esters, for eKsnsple pentafluorophenyl esters. The reaction of these types of 
con^HDunds with amines is well known in the art, for example they may be reacted in the 
presence of a base, such as those described above, and ru a suitable solvent, such, as those 
described above. The reaction may conveniently be performed at a tecnperature in the range of 
-40to40°C. 

20 A con:qK»unds of formula (2) may be prepared according to Scheme 1: 

•^"^--.^^^^O i) NaCH^CO^Me, ^"^"V^ 

11 MeONa/MeOH ^ ]| ^ ^ 

os/^N O 



(2a) 



ii) xylene, A ^ ^^j,) 

(2) 



LiOH 
MeOH 



Scheme 1 

Conqjounds of formula (2a) are commercially available or they are known coii?)ounds 
or they are prepared by processes known in the art. 
25 Compounds of formula (2b) may also be prepared as illustrated in Scheme 2: 
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(4) (5) (6) (2b) 



Scheme 2 

The conversion of con5)oiinds of formula (4) into con5)onnds of formula (5) noay be carried 
out by directed orfho lifhiation reactions (J. Org. Chem, 2001, vohime 66, 3662-3670), for 

5 example with n-butyl Uthium and (CHO)N(a]kyl)2. The protecting group in compounds of 
formula (4) must be suitable directiag group for this reaction and may be for example - 
COatBu. Reaction of compounds of formula (5) with LCH2CO2II where L is a leaving group, 
and replacement of tiie protecting group P' with an alternative P' ' (for example -COalkyl) 
accordiog to standard processes, gives a con5)ound of formula (6). This may be cyclised 

10 using a base, for exanq>le potassium carbonate or sodium metiioxide. 

CoiDpounds of formula (3) may be prepared according to Scheme 3: 




Schemes 

15 Coir5)Ounds of formula (3a) are commercially available or they are known conq)Ounds 

or they are prepared by processes known in the art. For exanq)le, starting from primary 
amines of fonmila (7), ia which R is H or a suitable protecting group, one or both of R 
and/or R^ may be introduced by acylation, (for example reacting with acetoxyacetic acid and 
l-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride -EDAC), alkylation. 
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reductive alkylation, sulpbonation or related processes, followed by O-deprotection when 
qypropriate. Alterimtively,oiie or both ofR^ and/or may be obtained by modification of 
ftmctionality in groups previously thus introdnced, by reduction, oxidation, hydrolysis (for 
exain)le the conv^ion of an acetojjy gcoxtp to a hydroxy group), nucleophilic displacement, 
5 amidation, or a related process, or a conibination of these processes, fblto wed by O- 
deprotection when t^jpropriate. It will be appreciated that such modifications may include 
modifications which convert one compound of the fiammla (1) into another compound of the 
fomnila (1). 



10 



15 




HO 




RO 



(7) 

Amines of formula (3) may alt^natively be obtained by applying the processes 
desaibed for the preparation of con?)ouiids of formula (3a) to compounds of formula (8) in 
which W is NH2 or a nitrogen atom with one or two suitable protecting groups. 




(R^)n 



Compounds of the formula (3) where r = 1 and wherein A is heteroaryleoe can be 
prepared fix)m suitably functionalised cycloalkyl fused heterocycles. For exanqjle, when A is 
pyridine. 



(3b) (3c) 

compounds of formula (3b) and (3c) may be prepared from the corresponding azaindanone 
20 legioisomer according to Scheme 4 :- 
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NaN», DMF 





.9 HQ 



LMsCl, EtgN, DCM 
2.NaNa. DMF 



NaH. THF. Rl 
Step? 




NaBH^, E10H 
Step 4 



Hj-Pd/C. EtOH 
(Boc)20 

Step 6 



HgNNHg, EtOH 
Steps 




Scheme 4 

Step 1 is performed on a con^jound known in the literature (Jpn. Kokai Tokiyo Koho, 
1995, 14. JP 07070136). Stsps 2, 3, 4, 5, 6, 7 and 8 are performed using standard techniques 
5 known in the art. 

It will be appreciated that the bromoazaindanone isomers (21a, 21h and 21c) could 
Q Q 

R Br 

(21a) (21b) (21c) 

be convated to the corresponding heterocylic version of (3) by the means described in 
Scheme 4. The bromoazaindanone can be prq)aredfix)m the corresponding azaindanone by 
10 standard techniques known m the art The azaindanone (22a, 22b, 22c) are known in the 
literature or they are prepared by processes known in the art. 

O 0. ^■ 







(22a) 



(22b) 
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The process described above and shown in Scheme 4 may also be applied to other six 
membered heterocycles containing more than one nitrogen. 

It will be appreciated that, in a similar manner, coDopounds of the formula (3) wherein 
A is heteroarylene containing a bridgehead nitrogen can be prepared from the appropriate 
5 suitably fimctionalised cycloalkyl fused heterocycles. 

It will be appreciated that the processes described above for formation and 
modification of -NR^C(0)R^ may be applied sinailarly whether to make the compound of 
formola (3) before coupling to the add of formula (2) or whether to the product of such a 
coupling. 

10 It will be appreciated that certain of the various ring substituents in the confounds of 

the present invention, for exan^ple may be introduced by standard aromatic substitution 
reactions or generated by conventional functional group modifications either prior to or 
immediately foUoV^ing the processes mentioned above, and as such are included ki the 
process aspect of the inv^tion. Such reactions may convert one concq)Ound of the formula (1) 

15 into another conpound of the formula (1). Such reactions and modifications include, for 
example, introduction of a substituent by means of an aromatic substitution reaction, 
reduction of substituents, alkylation of substituents and oxidation of substituents. The reagents 
and reaction conditions for such procedures are weU known in the chemical art Particular 
examples of aromatic substitution reactions include the introduction of a nitro group using 

20 concentrated nitric acid, the introduction of an acyl group using, for exeaaplc, an acyl halide 
and Lewis acid (such as aluminium trichloride) under Friedel Crafts conditions; the 
introduction of an alkyl group usmg an alkyl halide and Lewis acid (such as aluminium 
trichloride) under Friedel Crafts conditions; and the introduction of a halogen group. 
Particular exarcples of naodifications include the reduction of a nitro group to an amino group 

25 by for exansple, catalytic hydrogenation with a nickel catalyst or treatment with iron in the 
presence of hydrochloric acid ^ith heating; oxidation of alkylthio to alkylsulphinyl or 
alkylsulphonyl. 

It will also be appreciated that in sonae of the reactions mentioned herein it may be 
necessary/desirable to protect any sensitive groups in the con5)Ounds. The instances where 
30 protection is necessary or desirable and suitable methods for protection are known to those 
skilled in the art Conventional protecting groups may be used in accordance with standard 
practice (for illustration see T. W. Green, Protective Groups in Organic Synthesis, John Wiley 
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and Sons, 1991). Thus, if reactants include groups such as amino, carboxy or hydroxy it may 
be desirable to protect the group in some of the reactions mentioned herein. 

A suitable protecting group for an amino or alkylaiiiino group is, for example, an acyl 
group, for example an aUcanoyl group such as acetyl, an alkoxycarbonyl group, for example a 

5 methoxycarbonyl, ethoxycarbonyl or ^-butoxycarbonyl group, an aryhnethoxycarbonyl group, 
for exanple benzyloxycarbonyl, or an aroyl group, for exainple benzoyl The deprotection 
conditions for the above protecting groups necessarily vary with the choice of protecting 
group. Thus, for exairple, an acyl group such as an alkanoyl or alkoxycarbonyl group or an 
aroyl grovq> may be removed for example, by hydrolysis with a suitable base such as an alkali 

10 metal hydroxide, for exsanple lithium or sodium hydroxide. Alternatively an acyl group such 
as a r-butoxycarbonyl group may be removed, for example, by treatment with a siiitable acid 
as hydrochloric, sulphuric or phosphoric acid or trifluoroacetic acid and an 
aryhnethoxycarbonyl group such as a benzyloxycarbonyl group may be renooved, for 
exan^le, by hydrogenation over a catalyst such as palladium-on-carbon, or by treatment with 

15 a Lewis acid for exmnple boron tris(trifluoroacetate). A suitable altemative protecting group 
for a primary amino group is, for example, a phthaloyl group which may be removed by 
treatcDMit with an alkylamine, for exaicple dimethylaminopropylamine, or with hydrazine. 

A suitable protecting group for a hydroxy group is, for exan:q>le, an acyl group, for 
exarqple an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an 

20 arylmethyl group, for example hesnzyl The deprotection conditions for the above protecting 
groups win necessarily vary with the choice of protecting group. Thus, for exanple, an acyl 
group such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis with 
a suitable base such as an alkali metal hydroxide, for example lithium or sodium hydroxide. 
Alternatively an arylmethyl group such as a benzyl group may be removed, for example, by 

25 hydrogenation over a catalyst such as palladium-on-carbon. 

A suitable protecting group for a carboxy group is, for example, an esterifying group, 
for example a methyl or an ethyl group which may be removed, for example, by hydrolysis 
with a base such as sodium hydroxide, or for example a ?-butyl group which may be removed, 
for Gxample, by treatment with an acid, for example an organic acid such as trifluoroacetic 

30 acid, or for example a benzyl group which may be removed, for example, by hydrogenation 
over a catalyst such as paDadium-on-carbon. 

The protecting groups may be removed at any convenient stage in the synthesis using 
conventional techniques well known in the chenoical art. 
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Certain intermediates in the preparation of a coinpouad of the formula (1) are novel 
and form another aspect of the iavention. 

As stated hereiabefore the coii5)OTmds defined in the present iavention possesses 
glycogen phosphorylase inhibitory activity. This propaty may be assessed, for exan5)le, 
5 using tihie procedure set out below. 
Assay 

The activity of the conqjounds is determiaed by measuring the inhibitory effect of the 
con?)Ounds in the direction of glycogen synthesis, the conversion of glucose- 1-phosphate iuto 
glycogen with the release of inorganic phosphate, as described in EP 0 846 464 A2. The 

10 reactions were in 96weU microplate format in a volume of 100|Lil The change in optical 

density due to inorganic phosphate formation was measured at 620nM ia a Labsysten^is iEMS 
Reader MF by the general method of (Nordlie R.C and Arion W.J, Methods of Enzymology, 
1966, 619-625). The reaction is inSOmM HEPES (N-(2-Hydroxyethyl)piperazine-N'-(2- 
ethanesulfbnic acid);4-(2-Hydroxyethyl)piperazine-l-ethanesulfonic acid), 2.5n3M MgCfe, 

15 2.25mM ethylene glycol-bisOaminoethyl ether) iSr,iV;iV^',iNr'-tetraacetic acid, lOOmM KGl, 
2iriM[ D-(+)-glucose pH7.2, contaioing 0.5mM dithiothreitol, the assay buffer solution, with 
0. Img type m glycogen, 0. 15ug glycogen phosphorylase a (GPd) from rabbit muscle and 
0.5mM glucose-l-phosphate. GPa is pre-incubated in the assay buffer solution with the type 
m glycogen at 2.5 mg inl*^ for 30 minutes. 40|ul1 of the enzyme solution is added to 25^-1 assay 

20 buffer solution and the reaction started with the addition of 25|Lil 2mM glucose-l-phosphate. 
Compounds to be tested are prepared in lOjLil 10% DMSO in assay buffer solution, with final 
concentration of 1% DMSO in the assay. The non-inhibited activity of GPa is measured in tloe 
presence of lO^il 10% DMSO in assay buffer solution and maximum inhibition naeasured m 
the presence of 30mM CP320626 (Hoover et al (1998) J Med Chem 41, 2934-8; Martin et al 

25 (1998) PNAS 95, 1776-81). The reaction is stopped after 30min with the addition of 50M'1 
acidic ammonium molybdate solution, 12ug ml"^ in 3.48% H2SO4 with 1% sodium lauryl 
sulphate and lOug ml"^ ascorbic acid. After 30 miautes at room temperature the absorbency at 
620nm is measured. 

The assay is performed at a test concentration of inhibitor of 10|liM or lOOpM. 

30 Compounds demonstrating significant iohibition at one or both of these concentrations may 
be further evaluated using a range of test concentrations of inhibitor to determine an IC50, a 
concentration predicted to inhibit the enzyme reaction by 50%. 
Activity is calculated as follows:- 
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% inhibition = (1 - (con5)ound OD620 - fully inhibited OD620)/ (non-inhibited rate OD620 - 
fully inhibited OD620)) * 100. 
OD620 = optical density at 62QnM. 

Typical IC50 values for con^wunds of the invention when tested in the above assay are 

5 in the range IOOmM to InM. 

The activity of the canopounds is alternatively detennmed by measuring the inhibitory 
effect of the coirpoxinds on glycogen degradation, the production of glucose-l-phospihate 
ftom glycogen is n»nitored by the multienzyme coupled assay, as described in EP 0 846 464 
A2, general method of Pesce et al ( Pesce, M A, Bodouiian, S H, Harris, R C, and Nicholson, 

10 J F (1977) Clinical Cliemistry 23, 1171 - 1717). The reactions were in 384wellmicroplate 
format in a volume of 50|xL The chajige in fluoresceace due to the conversion of the co-fector 
NAD to NADH is measured at 34QnM excitation, 465nm emission in a Tecan Ultra 
Multifunctional Microplate Reader. The reaction is in 50mM HEPES, 3.5mM KH2PO4. 
2.5mM MgCl2, 2.5iiM ethylene glycol-bis(b-aminoefliyl ether) N,N,N'.N'-tetraac&^c acid, 

15 lOOnM KO, 8nM D-(+)-glucose pH7.2, containing 0.5mM dithiotiareitol, the assay buffer 
sohxtion. Human recombinant liva: glycogen phosphorylase a (hrl GPa) 20nM is pre- 
incabated in assay bufBsr solution with 6.25nM NAD, 1.25n3g type HI glycogen at 1.25 mg 
ml"^ the reagent buffer, for 30 mioutes. The coxqpling enzymes, phosphoglucomntase and 
glucose-6-phosphate dehydrogenase ( Sigma) are prepared in reagait buffo:, final 

20 concentration 0.25Units per weE 20^1 of the hrl GPa solution is added to 10^1 compound 
solution and the reaction started with the addition of 20ul coupling enzyme solution. 
Coii5)ounds to be tested are prepared in 10|j1 5% DMSO in assay buffer solution, with final 
concentiration of 1% DMSO in the assay. The non-inhibited activity of GPa is measured in the 
presence of lOfJl 5% DMSO in assay buffer solution and maximum inhibition measured in 

25 the presence of 5mgs ml'^ N-ethyhnaleimide. After 6 hours at 30°C Relative Huoresence 
Units OElFUs) are measured at 340nM excitation, 465nm emission . 

The assay is performed at a test concentration of inhibitor of 10|jM or lOOpM. 
Compounds demonstrating significant inhibition at one or both of these concentrations may 
be further evaluated using a range of test concentrations of inhibitor to determine an IC50, a 

30 concentration predicted to inhibit the enzyme reaction by 50%. 
Activity is calculated as follows:- 
% inhibition = (1 - (compound RFUs - fully inhibited RFUs)/ (non-inhibited rate RFUs - fully 
inhibited RFUs)) * 100. 
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Typical IC50 values for confounds of the invention when tested in the above assay are 
iQ the range lOOjuiM to InM. For example, Exairple 1 was found to have an IC50 of 265nM. 

The inhibitory activity of coin)otinds was further tested in rat primary hepatocytes. 
Rat hepatocytes were isolated by the coUagenase perfusion technique, general method of 
5 Seglen (P.O. Seglen, Methods CeH Biology (1976) 13 29-83). Cells were cultured on Nunclon 
six well culture plates in DMBM (Dulbeco's Modified Eagle's Medium) with high level of 
glucose containing 10% foetal calf senraj, NEAA (non essential amino acids), Ghitamine, 
penicillin /streptomycin ((100units/100ug)/ml) for 4 to 6 hours. The hepatocytes were then 
cultured in the DMBM solution without foetal calf serum and with lOnM insulin and lOnM 

10 dexamethasone. Experiments were initiated after 18-20 hours culture by washing the cells and 
adding Krebs-Henseleit bicarbonate buffer containing 2.5mM CaCk and 1% gelatin. The test 
conq)Ound was added and 5 minutes later the cells were challenged with 25nM glucagon. The 
Krebs-Henseleit solution was removed after 60 min incubation at 37°C , 95%02/5%C02 and 
the glucose concentration of the Krebs-Henseleit solution measured. 

15 According to a further aspect of the invention there is provided a pharmaceutical 

con:q)osition which conoprises a compound of the formula (1), or a pharmaceutically 
acceptable salt or in vivo hydrolysable ester thereof, as defined hereinbefore in association 
with a pharmaceutically-acceptable diluent or carrier. 

The conqjositions of the invention may be in a form suitable for oral use (for exarcple 

20 as tablets, lozenges, hard or soft capsules, aqueous or oily suspensions, enmdsions, dispersible 
powders or granules, syrups or elixirs), for topical use (for example as creams, ointments, 
gels, or aqueous or oily solutions or suspensions), for administration by inhalation (for 
example as a finely divided powder or a Hquid aerosol), for administration by insxifflation (for 
exanq)le as a finely divided powder) or for parent^al administration (for exsixxple as a sterile 

25 aqueous or oily solution for intravenous, subcutaneous, intramuscular or intramuscular dosing 
or as a suppository for rectal dosing). 

The compositions of tb& invention may be obtained by conventional procedures using 
conventional pharmaceutical excipients, well known in the art. Thus, compositions intended 
for oral use may contain, for exaii5)le, one or more colouring, sweetening, flavouring and/or 

30 preservative agents. 

Suitable pharmaceutically acceptable excipients for a tablet formulation include, for 
example, inert diluents such as lactose, sodium carbonate, calcium phosphate or calcium 
carbonate, granulating and disintegrating agents such as com starch or algenic acid; binding 
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agents such as starch; lubricating agents such as magnesium stearate, stearic acid or talc; 
preservative agents such as ethyl or propyl p-hydroxybenzoate, and anti-oxidants, such as 
ascorbic acid. Tablet forraalations may be uncoated or coated either to noodiPy their 
disintegration and the subsequent absorption of the active ingredient withia the 

5 gastrointestinal tract, or to in5)rove their stability and/or appearance, in either case, using 
conventional coating agents and procedures well known in the art. 

Compositions for oral use may be in the form of hard gelatin c^sules in which the 
active ingredient is maxed with an inert solid diluent, for exan5)le, calcium carbonate, calcitun 
phosphate or kaolin, or as soft gelatin capsules in which the active ingredient is mixed with 

10 water or an oil such as peanut oil, liquid paraffin, or olive ofl. 

Aqueous suspensions generaEy contain the active ingredient in finely powdered form 
together with one or more suspending agents, such as sodium carboxymethylcellulose, 
methylcellulose, hydroxypropylmethylceUulose, sodium alginate, polyvinyl-pyrrolidone, gum 
tragacanth and gum acacia; dispersing or wetting agents such as lecithin or condensation 

15 products of an aUcylene oxide with fatty acids (for example polyoxethylene stearate), or 
condensation products of ethylene oxide with long chain ahphatic alcohols, for exan^le 
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol noonooleate, or 
condensation products of ethylene oxide with long chain aliphatic alcohols, for example 

20 heptadecaethyleneoxycetanol, or condeosation products of ethylene oxide with partial esters 
derived from fetty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or 
condensation inducts of ethylene oxide with partial esters derived from fatty acids and 
hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions 
may also contain one or more preservatives (such as ethyl or propyl p-hydroxybenzoate, anti- 

25 oxidants (such as ascorbic acid), colouring agents, flavouring agents, and/or sweetening 
agents (such £is sucrose, saccharine or aspartame). 

Oily suspensions may be formulated by suspending the active ingredient in a 
vegetable oil (such as arachis oil, olive oil, sesame oil or coconut oil) or in a mineral oil (such 
as liquid paraffin). The oily suspensions may also contain a tihickening agent such as 

30 beeswax, hard parafFm or cetylalcohoL Sweetening agents such as those set out above, and 
flavouring agents may be added to provide a palatable oral preparation. These conpositions 
may be preserved by the addition of an anti-oxidant such as ascorbic acid. 
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Dispersible powders and granules siiitable for preparation of an aqueous suspension by 
the addition of water generally contain the active rogredient together with a dispersing or 
wetting agent, suspending agent and one or more preservatives. Suitable dispersing or 
wetting agents and suspending agents are exemplified by those already mentioned above. 
5 Additional excipients such as sweetening, flavouring and colouring agents, may also be 
present. 

The pharmtaceutical compositions of the invention may also be in the form of 
oil-in-water emulsions. The oily phase may be a vegetable oil, such as olive oil or arachis oil, 
or a mmeral ofl, such as for exancqjle liquid paraffin or a mixture of any of these. Suitable 

10 emalsifyiQg agents may be, for example, naturally-occurring gums such as gum acacia or gum 
tragacanth, naturaUy-occiuTing phosphatides such as soya bean, lecithin, an est^s or partial 
esters derived from fatty acids and hexitol anhydrides (for exan:5)le sorbitan monooleate) and 
condensation products of the said partial esters with ethylene oxide such as polyoxyethylene 
sorbitan monooleate. The emulsions may also contain sweetening, flavoiaring and 

15 preservative agents. 

Syrups and elixirs may be formulated with sweetening agents such as glycerol, . 
propylene glycol, sorbitol, aspartame or sucrose, and may also contain a demulcent, 
preservative, flavouring and/or colouring agent. 

The pharmaceutical compositions may also be in the form of a sterile injectable 

20 aqueous or oily suspemion^wMch inay be fonnulated according to Imownproced 

one or rooT& of the appropriate dispersing or wetting agents and suspendmg agents, which 
have been mentioned above. A sterile injectable preparation may also be a sterile injectable 
solution or sxxspension in a non-toxic parenteraUy-acceptable diluent or solvent, for example a 
solution in 1,3-butanediol. 

25 Compositions for administration by inhalation noay be in the form of a conventional 

pressurised aerosol arranged to dispense the active ingredient either as an aerosol containing 
finely divided solid or liquid droplets. Conventional aerosol propellants such as volatile 
fluorinated hydrocarbons or hydrocarbons may be used and the aerosol device is conveniently 
arranged to dispense a metered quantity of active ingredient. 

30 For further information on formulation the reader is referred to Chapter 25.2 in 

Volume 5 of Conqjrehensive Medicinal Chemistry (Corwin Hansel^ Chairman of Editorial 
Board), Pergamon Press 1990. 
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The amoimt of active ingredient that is conibiQed with one or more excipients to 
produce a single dosage form will necessarily vary depending upon the host treated and the 
particular route of administration. For exairple, a formulation intended for oral 
administration to humans will generally contain, for exan5)le, from 0.5 mg to 2 g of active 

5 agent compounded with an appropriate and convenient amount of excipients which may vary 
from ahout 5 to about 98 percent by weight of tibe total composition. Dosage unit forms will 
generally contain about 1 mg to about 500 nog of an active ingredient. Fbr further information 
on Routes of Administration and Dosage Reginaes the reader is referred to Chapter 25.3 in 
Volume 5 of Conqprehensive Medicinal Chemistry (Corwin Hansch; Chairman of Editorial 

10 Board), Pergamon Press 1990. 

The compound of formula (1) will normally be adnoinistered to a warm-blooded 
miimal at a unit dose within the range 5-5000 mg per square meter body area of the animal, 
i.e. approximately 0. 1-100 mg/kg, and this normally provides a therapeutically-effective dose. 
A unit dose form s\xch as a tablet or capsule wiU usually contain, for exan^le 1-250 mg of 

15 active ingredient. Preferably a daily dose in the range of 1-50 mg/kg is en5)loyed. However 
the daily dose wiU necessarily be varied depending upon the host treated, the particular route 
of administration, and flie severity of the iDness being treated. Accordingly the optimum 
dosage may be determined by the practitioner who is treating any particular patient 

The inhibition of glycogen phosphorylase activity described herein may be applied as 

20 a sol& ther^y or may involve, in addition to the subject of the present invention, one or more 
other substances and/or treatments. Such conjoint treatment may be achieved by way of the 
simultaneous, sequential or separate administration of the individual components of the 
treatment. Snnultaneous treatment may be in a single tablet or in separate tablets. For 
exanqjle in the treatment of diabetes mellitus chemotherapy may include the following main 

25 categories of treatment: 

1) Insulin and in CTiltn analogues; 

2) hisulin secretagogues including sulphonylureas (for example glibenclamdde, glipizide) 
and prandial glucose regulators (for example repaglinide, nateglinide); 

3) Ihsulitt sensitising agents including PPARg agonists (for example pioglitazone and 
30 rosiglitazone); 

4) Agents that suppress hepatic glucose output (for example metformm). 

5) Agents designed to reduce the absorption of glucose from the mtestine (for example 
acarbose); 
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6) Agents designed to treat the conq}lications of prolonged hyperglycaenoia; 

7) Anti-obesity agents (for exanople sibutramine and orlistat); 

8) Anti- dyslipidaemia agents such as, HMG-CoA reductase inhibitors (statins, eg 
pravastatin, rosuvastatin); PPARoc/y agonists (for example Galida™); PPARa agonists 
(fibrates, eg gemfibrozil); bile acid sequestrants (cholestyramine); cholesterol 
absorption inhibitors (plant stanols, synthetic inhibitors); bile acid absorption 
inhibitors (IBATi) and nicotinic acid and analogues (niacin and slow release 
formulations); 

9) Antihypertensive agents such as, p blockers (eg atenolol, inderal); ACE inhibitors (eg 
lisinopril); Calcium antagonists (eg, nifedipine); Angiotensin receptor antagonists (eg 
candesartan), a antagonists and diuretic agents (eg. furosemide, benzthiazide); 

10) Haemostasis n3odulators such as, antithrombotics, activators of fia>rinolysis and 
antq>latelet agents; thrombin antagonists; factor Xa inhibitors; factor Vila inhibitors); 
antiplatelet agents (eg. aspirin, clopidogrel); anticoagulants (heparin and Low 
molecular weight analogues, hirudin) and warfarin; and 

11) Anti-ioflammatory agents, such as non-steroidal anti-ioflammatory drugs (eg: aspirin) 
and steroidal anti-ioflammatoty agents (eg. cortisone). 

According to a fuither aspect of the present invention there is provided a con5)Qund of 
the formula (1), or a pharmaceuticaUy acceptable salt or in vivo hydrolysable ester thereof, as 
defined hereinbefore, for use in a method of treatment of a warmrblooded anim a l such as man 
by therapy. 

According to an additional aspect of the invention there is provided a compound of the 
formula (1), or a pharmaceuticaUy acceptable salt or in vivo hydrolysable ester thereof, as 
defined hereinbefore, for use as a medicament. 

According to an additional aspect of the invention there is provided a conopound of the 
formula (1), or a pharmaceuticaUy acceptable salt or in vivo hydrolysable ester thereof, as 
defined hereinbefore, for use as a medicament in the treatment of type 2 diabetes, insulin 
resistance, syndrome X, hyperinsulinaemia, hyperglucagonaemia, cardiac ischaencda or 
obesity in a warm-blooded animal such as man. 

According to this another aspect of the invention there is provided the use of a 
coirpound of the formula (1), or a pharmaceuticaUy acceptable salt or in-vivo hydrolysable 
ester thereof, as defined hereinbefore in the manufacture of a medicament for use in the 



101181 

-32- ^ 

treatment of type 2 diabetes, insulin resistance, syndrome X, hyperinsulinaemia, 
hyperglucagonaemia, cardiac ischaenoia or obesity in a warm-blooded animal such as man. 
According to this another aspect of the invention there is provided the use of a 
' corcpound of the foranila (1), or a pharmaceutically acceptable salt or in-vivo hydrolysable 
5 ester thereof, as defined hereinbefore in the manufacture of a medicament for use in the 
treatment of type 2 diabetes in a warmrblooded animal sucli as man. 

According to a further feature of this aspect of the invention there is provided a 
method of producing a glycogen phosphorylase ixihibitory effect in a warmrblooded animal, 
such, as man, in need of sucli treatinent which comprises administering to said animal an 
10 effective amount of a compound of formula (1). 

According to this further feature of this aspect of the invention there is provided a 
method of treating type 2 diabetes, insulin resistance, syndrome X, hyperinsulinaemia, 
hyperglucagonaemia, cardiac ischaemia or obesity iu a warm-blooded animal, such as man, in 
need of such treatment which concprises administering to said animal an effective amoxmt of a 
15 con:5)Ound of formula (1). 

According to this further feature of this aspect of the invention there is provided a 
method of treating type 2 diabetes in a warm-blooded auimal, such as man, in need of such 
treatment which coroprises administering to said animal an effective amount of a conopound 
of formula (1). 

20 As stated above the size of the dose required for the therapeutic or prophylactic 

treatment of a particular cell-proliferation disease will necessarily be varied depending on the 
host treated, the route of administration and the severity of the illness beiug treated. A unit 
dose in the range, for exanqjle, 1-100 mg/kg, preferably 1-50 mg/kg is envisaged. 

In addition to their use m therapeutic medicine, the con^pounds of formula (1) and 

25 their pharmaceutically acceptable salts are also useful as pharmacological tools ia the 

development and standardisation of in vitro and in vivo test sy stenos for the evaluation of the 
effects of inhibitors of cell cycle activity iu laboratory animals such as cats, dogs, rabbits, 
monkeys, rats and ndce, as part of the search for new therapeutic agents. 

In the above other pharmaceutical con^josition, process, method, use and medicament 

30 manufacture features, the alternative and preferred embodiments of the compounds of the 
invention described herein also apply. 
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The mvention will now be illustrated by the following exanq)les in which, unless . 
stated othi^iwise: 

(i) ten^peratures are given in degrees Celsius (^'C); operations wore carried out at room or 
5 ambient temperature, that is, at a temperature in tiie range of 1 8-25 !'C and under an 
atmosphere of an iuert gas such as argon; 

(i^ organic solutions were dried oyer anhydrous noagnesium sulphate; evaporation of solvent 
was carried out using a rotary evaporator under reduced pressure (600-4000 Pascals; 4.5-30 
mmHg) with a bath teirperature of up to 60®C; 
10 (iii) chromatography means flash chromatography on silica gel; thin layer chromatography 
(TLC) was carried out on silica gel plates; 

(iv) in general, the course of reactions was followed by TLC and reaction times are given for 
illustration only; 

(v) yields are given for illustration only and are not necessarily those which can be obtained 
15 by diligent process development; preparations were repeated if more material was required; 

(vi) where given, NMR data is in the form of delta values for major diagnostic protons, given 
in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal standard, . 
determined at 300 MHz using pCTdeuterio dimethyl sulphoxide (DMSO-Se) as solvent unless 
otherwise indicated, other solvents (where indicated in the text) include deuterated chloroform 

20 CDCfe; 

(vii) chemical symbols have their usual meanings; SI units and symbols are used; 

(viii) reduced pressures are given as absolute pressures in Pascals (Pa); elevated pressures are 
given as gauge pressures in bars; 

(ix) solvent ratios are given in volume : volume (v/v) tenns; 

25 (x) mass spectra (MS) were run with an electron energy of 70 electron volts in the chemical 
ionisation (CI) mode usmg a direct e:q>osure probe; where indicated ionisation was effected 
by electron impact (El), fast atom bombardment (FAB) or electrospray (ESP); values for m/z 
are given; generally, only ions which indicate the parent mass are reported and unless 
otherwise stated the value quoted is ^-H)'; 
30 (xi) The following abbreviations may be used: 
SM starting material; 

EtOAc ethyl acetate; 

MeOH methanol; 
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10 



15 



EtOH 

DCM 

HOBT 

DIPEA 

EDCI 

EtzO 
THF 
DMF 
HATU 

EDAC 

TFA 

DMTMM 
DMA 



ethaaol; 

dicHoromethane; 

1-hydroxybenzotriazole; 

di-isopropylethylamme; 

l-el]iyl-3-(3-diiiiethylammopropyl)carlx)dii^ 

hydrochloride; 

diethyl ether; 

tetrahydrofuran; 

N, JV-dimBthylformamide; 

0- (7-Azabenzotriazol-l-yI)-JV;iV;iSr'.iV'- 
tefxamelhyltiroidianhexafluoroplio sphate 

1- (3-dimefliylaiiiinopropyl)-3-ethyl-carbodjimide 
hydrochloride 

Trifluoroacetic acid 

4-(4,6-DiirethDxy-13,5-triazia-2-yl)-4-inethyhiK)rpholiidi^ 
chloride 

N, N-dimethylacetamide 



Fmninle 1- 2-r!hlni^A^-fflg.2RVl-r(meflioyyace ^l|>Hfthv1^a^^ 
20 iiiden-2-vlV6g-1hieiior2.3«fc1PViT "T'^<-*^^'l^»™™i'ig 




DIPEA (171 ixL, 1.0 mmol), HOBT (54 mg, 0.4 ramol), methoxyacetic add (31 pJL, 0.4 
mmol) and EDAC (96 Bog, 0.5 mmol) were added to a suspeosion of 2-chloro-JV-[(lR,2R)-l- 
(melhylamiiM>)-23-dihydio-lJE^inden-2-yl]-6H^thieao[23-fc]pyn« 
25 hydrochloride (Ihtermiediate 1, 150 mg, 0.4 mmol) in anhydrous DCM (5 mL). The reaction 
was stirred at ambient ten^jarature for ^proximately 6 h The volatiles were removed by 
evaporation iinder reduced pressure, the residue dissolved in EtOAc (20 roL), wasihed with 
saturated aqueous NaHCQs (20 mL), water (2 x 10 mL) then brine (10 mL) and dried 
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(MgS04). The volatiles were removed by evaporation under reduced pressure and the residue 
triturated (EtOAc:hexane, 1:10), collected by filtration, wadied withhexane (2x5 mL) and 
dried to give the title compound (126 mg, 75%) as a brown solid. 

NMR raOO MHz. dj^-DMSO') 8: 2.61 (s, 1.5H), 2.74 (s, 1.5H), 2.98 (m, IH), 3.18 (dd, IH), 
5 3.19 (s, 1.5H), 3.22 (s, 1.5H). 3.99 (d, 0.5H), 4.13 (q, IH), 4.31 (d, 0.5H), 4.79 (m, IH), 5.41 
(d, 0.5H), 6.09 (d, 0.5H), 7.12 (m, 6H), 8.52 (ap t, IH), 11.81 (hr s, 0.5H), 11.89 (hr s, 0.5H): 
MSm/2 418,420. 

The foUowiag exairples were prepared in a sinoilar manner to Example 1 using 2-chloro-i\r- 
10 [(lie,2/?)-l-(metiiylamino)-2,3-dihydro-lH-inden-2-yl]-6H-thieno[2,3-i>]pyrT0le-5- 

carboxamide hydrochloride (Inteimediate 1) as the amine and the appropriate commercially 

available carboxylic acid as the coupling partni^: 

TheTG is no Exanq>le with Example No 2. 

prample 2-rh1nTO-iV-f(lR.2g^-l-rr3-hvdroxv-2- 
15 fltvdroxvmeflivl>PTOPanovl1fmeflivK aiiifan1-l.'^-ilihvHi^1Hr4ndcn-2^^^ 

&1pvrrole- ^-«»r^n^"ii«ie 

F.«»nn1«> 4» IjMivl 3-r((llg,2g^-2-frf2-chlorii-6H-1hie nor2.3-&1pvrrol-S- 
yl>^i^^«vi1aTninnV2.:^-HiTivdrn-lH-indcn-l-vl'>(me1hvD aminn1-3-nTOPro^^ 
TC^iTOTilP ^- ^rm».2]g>-2-frr2-CMoTn-6g-<Meiior23-ft1pvmJ- 5-vDcariionvl1a^^ 
20 Hihvflrn-1 jy-iTiden-l-vl )(wiPfh v1^aminn1-2-nxoethvl acetate 

F-TOiniili. Hz 2-riilnrn-iV-f (lJg.2ig)-l-rglvcolovlfin pthv1^amiTinl-2.3-dilivdro-1 yy-illcien-2- 
vll-6g-thienor2,3-fe1PvrroIe-S-carbo-g gniiHe 

F.iK»n pli» 7; ^-fihlnro-iV-f (lR.2jg>-l-rglvceroY l(»"«>fliY^>"^^""1-^-i'^-'^^^Y*^"'-^ g-itiiien-2- 
vll-6H-thienor2.3-Mpvrrole-5-cariboy aniide 
25 RYflnipIP 8; 2-ailoro-iV-l(l/g.2JgVl-rrf2^-2.3-dilivdroxvpropa novl1(methvl>»»Tnlnn1.2.3- 

Hihvdrft.1W^.mden-2-vIV6H-tfaSgnor23-ft1pvrrole-5-car ^ft™wiide 

TCTOmnlA 2-r!h1nrn-Ar-faie.2gVl-rr(2g^-23-dihvdroxvpippa novI1(pie1hvl^aniipo1-2,3- 
Hih Y^rn-iy7-indCT-2-vlV.6H-tlnemor2.3-ft1PVr i^l«>-^-«'ai-Hn«»Tnide 



'30 Note: Exaiuple 4 is an example of a pro-drug of a con:pound containing a carboxylic acid 
group and Example 5 is an example of a pro-drug of a confound containiog a hydroxy group. 
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Example 


R 


NMR (300 MHz, de-DMSO) 


M/z 


3 




^OH 


5: 2.61 (s, 1.5H), 2.87 (s, 1.5H), 2.99 (m, IH). 3.18 
(m, 2H), 3.41 (m, Irl;, 3.ol (m, zjti;, ^.'W ^t, u.3ii;, 
4.49 (t, 0.5H), 4.66 (m, IH), 4.80 (m, IH), 5.74 (d, 
0.5H), 6.18 (0.5H, d), 6.97 (m. 2H), 7.21 (m. 4H), 
8.47 (m, IH), 11.78 (hr s, 0.5H), 11.84 (hr s, 0.5H) 


446,448 
fM-H)' 


4 




5: 1.07 (t, 1.5H), 1.11 (t, 1.5H), 2.61 (s, 1.5H), 2.79 (s, 
l.Drl), z.y/ v^m, 1x1^ i^cici, o.HZr v^iii, ixiy^y 
(d, 0.5H), 3.68 (d, 0.5H), 4.00 (q, IH), 4.06 (q, IH), 
4.79 (m, IH), 5.41 (d, 0.5H), 6.11 (d, 0.5H), 7.11 (m, 
6H), 8.53 (m, IH), 11.82 (hr s, 0.5H), 11.91 (hr s. 


460, 462 


5 




5: 2.02(8, 1.5H). 2.08(s, 1.5H), 2.61(s, 1.5H), 2.77(s. 

I. 5H), 2.98(dd, IH), 3.21(dd, IH), 4.75(ii), 2H), 
4.97(m, IH), 5.33(d, 0.5H), 6.05(d, 0.5H), 7.08(in, 

II. 9(s, 0.5H). 


446,448 


6 




5: 2.65 (s, 1.5H), 2.74(s, 1.5H), 3.0(m, IH), 3.21(m, 
IH), 4.17(m, 2H), 4.45(t, 0.5ir>, 4.65(m, 0.5H), 
4.8(m, IH), 5.34(d, 0.5H), 6.14(d, 0.5H), 7.05(m, 2H), 
7.17(d, IH), 7.28(m, 3H), 8.55(m, IH), 11.87(d, IH). 


402,404 


7 


I 


^OH 

c 


5(CX)Cl3): 2.92(in, 4H), 3.35(ni, 2H), 3.95(m, 2H), 
4.78(m, 3H), 6.24(dd, IH), 6.6(m. 3H), 7.1(in, 3.5), 
7.8(m, 0.5H), 10.42(s, IH), i0.86(s, 0.5H). 


456, 458 
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On 


2.73(s, 1.5H), 2.97(s, 1.5H), 3.05(in, IH), 3.3(m, IH), 
3.6(m, 2H), 4.75(m, 4H), 5.74(d, 0.5H). 6.18(d, 0.5H), 
7.15(m, 3H), 7.35(m, 3H), 8.6(m, IH), 11.83(s, 0.5H), 
11.88(s, 0.5H) 


456, 458 


9 


I....OH 
^OH 


5: 2.7(s, 1.5H), 2.95(s, 1.5H), 3.05(m, IH), 3.3 l(n], 
IH), 3.6(m, 2H), 4.5(m, 1.5H), 4.77(d, 0.5H), 4.9(m, 
1.5H), 5.38(d, 0.5H), 5.82(d, 0.5H), 6.24(d, 0.5H), 
7.13(rD, 3H), 3.34(m. 3H), 8.62(d, IH), 11.86(s, IH) 


456, 458 



There is no Example with Erainple No 10. 



TCTOinnlP 1 1 ! 2-Oiloro-A^-lf lR.2R^-l-r(3-hvdroxvPTOPaMovlVmefliv? >a«ri«n1-2-:<-rilTiv<lrn- 
5 iyy-faflen-2-vll-6g-thicmor23-&1pvr role-S-cafbn^™i«lp 




LiBH4 (14 mg, 0.67 ramol) was added to a sohition of ethyl 3-[((12i,2R)-2-{[(2-chloio-6iy- 

lMeno[2,3-%yriol-5-yl)carbonyl]amiiiD}-2,3-dihydro-lH-ind^ 

oxopropanoate (Example 4; 103 ing, 0.22 mmol) at 0 °C. The reaction was wanned and 

10 stirred at ambient tenqperature for 3 hours. Saturated aqueous NH4CI (10 mL) was added and 
the aqueous phase was extracted with EtOAc (3 x 20 mL). The combmed organic phases 
were washed with HCl (2N, 20 mL), saturated aqueous NaHCOa (20 mL), water (20 mL) and 
brine (20 mL) then dried (MgS04) and the solvent was removed under reduced pressure. The 
crude product was purified by flash column chromatogrf^hy (SiOa, EtOAc eluent) to afford 

15 the title con^jound (62 nog, 67%) as a solid. 

NMR (300 MHz. d^-DMSQ^ S: 2.43 (m, IH,), 2.60 (s, 1.5H), 2.70 (m, IH), 2.80 (s, 1.5H), 
2.97 (dd, IH), 3.19 (dd, IH), 3.62 (m, 2H), 4.46 (t, 0.5H), 4.52 (t, 0.5H), 4.78 (m, IH), 5.55 
(d, 0.5H), 6.14 (d, 0.5H), 7.12 (m, .6H), 8.49 (d. 0.5H), 8.54 (d, 0.5H), 11.82 (hr s, 0.5H), 
11.89 (hr s, 0.5H); MS m/z 418, 420. • 
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F.YaTu pli^ 12: 2-CMoro>jV-ia/g.2RVl-rglvcolovl(2-hvdroxvet liY^>aTn1iin1^ 
mden"2-vll-6H'-Menor23-&1pvrrole-5--car hnyftniide 



LiBH4 (3.0ml, 2M in TBBP, 6.0 mmol) was added to a solution of ethyl iV-[(acetyloxy)acetyl]- 

5 JV'-((li?,21?)-2-{[(2-cMoro-6Z^tMeno[23-i>]pyn^^ 

inden-l-yl)glycinate (Intermediate 11; 620 mg, 1.2 nnnol) in dry THF (25 nol) at S^'C and 
stirred for SOmins. The reaction was allowed to warm to ambient temperature, stirred for 20 
hours, HQ (IN, lOmD added and the aqueous phase extracted withEtOAc (SOnd). The 
combined organic phases were washed with wator (20 mL) and brine (20 mL) then dried 

10 (MgS04) and the solvent was removed under reduced pressure. The crude product was 
purified by flash cohram chromatography (Si02, EtOAcrhexane eluent) to afford the title 
conopound (230 mg, 44%) as a foam 

NTVTR r^no MHz. d.-DMSO^ 8: 2.9 (m, 2H), 3.37 (m, 3H), 4.25 (m, 3H), 4.75 (m, 3H), 
5.35 (d, 0.6H), 5.59 (m, 0.4H), 7.0 (s, IH), 7.2 (m, 5H), 8.54 (m, IH), 11.84 (m, IH); MS m/z 

15 432,434. 

Intermediates: 

Intermediate 1: 2-CMoTO'N'\(m.2RVl'(meni^ ^s*rniria^^^ 
thienor23-ft1Pvrrole-S-carbo -ganililP hydrnrhlnride salt 



tert-Butyl ((li?,22?)-2-{ [(2-chloro-6Jy-thieno[2,3-Z?]pyrrol-5-yl)carbonyl]amino }-2,3-dibydro- 
li?-inden-l-yl)methylcarbamate (Intermediate 2; 5.8g, 13.0Dmiol) was dissolved m HCL 
solution (4N in dioxane, 40ml) and stirred at ambient ten5)erature for 24 hours. The volatiles 




20 




were removed by evaporation under reduced pressure and the residue dried in vacuo to give 
25 the title coirpound (3.0g, 60%) as a powder. 
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^HNMRS: 2.7(s, 3H), 3.05Cdd, IH), 3.5(dd, IH), 4.82(m, 2H), 7.09(s, IH), 7.15(s, IH), 
7.35(in. 3H), 7.78(d, IH). 8.9(d, IH), 9.55(hroad d, 2H), 11.95(s, IH); MS ni/2346, 348. 

Intenmediate 2t ^eit-Butvl (f lg^V2-ir(2-chIor n-<»g-tliienor2.3-A1pvrrol-S- 
5 vPcarbonvl]aTniiin}-2 ,^-HaiYHiin -lH-inden-l-vl')methY i«^iiia»" 



2-Chloro-6fl-thieiio[2,3-Z>]pyrrole-5-carboxylic acid (Intennediate 3; 3.5 g, 17. 16 mniol), 
tert-hutyl [(li?,2i?)-2-aiimo-23-dihydro-lH-inden-l-yl]methylcarbaniate (Intermediate 5; 
45 g, 17.16 mmol), DIPEA (2.9 ml, 17.16 mmol) and HOBT (2.32 g, 17.16 mmol) were 

10 dissolved in DCM (60 ml), stirred for 5minutes, EDCI (4. 1 1 g, 21.45 mmol) added and the 
mixture stirred at ambient teirp^ture for 24hours. The volatiles were removed by 
evaporation trndar reduced pressure and EtOAc (200 mL) added. The organic pahse was 
washed with water (100 miL), brine (50 niL) and dried (MgS04), filtered and the solvent 
mnoved tinder reduced pre^ure. The residue was purified by column chromalogrqjhy (SiOz, 

15 BtOAc:Hexane) to afford the tide compound (5.8g, 76%) as an oil 

^HNMRS: 1.3 (s, 9H), 2.63 (s, 3H), 3.1 (m, 2H), 4.75 (m, IH), 5.63 (m, IH), 7.0 (m, 2H), 
7.16 (s, IH), 7-25 (m, 3H), 8.48 (m, IH), 11.83 (s, IH). 

Intermediate 3; 2-Chloro-6H-thienor2.3-ft1iivrrole-5- carhoxvlic add 



Sodium hydroxide (2N, 15 mL) was added to a methanol (50 roL) solution of 2-chlDro-5- 
methDxycarbonyl-6fr-thieno[2,3-i7]pyrrole (Intermediate 4, 777 mg, 3.6 mmol) and the 
mixture heated at reflux for 5 hours. The reaction was cooled to ambient temperature, water 
(250 mL) added and the aqueous phase was washed with EtaO (2 x 50 mL), acidified to pH 2 
25 with HCl (2N) and extracted with EtOAc (3 x 50 mL). The combmed organic phases were 
washed with water (2 x 50 mL), brine (50 mL), dried QAgSO^) and the solvent removed nnder 
reduced pressure to afford the title conqjound (705 mg, 97%) as a pale pink solid. 





20 



H 
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^HNMRfCDCl^')S: 12.6-12.7 (IH, b), 12.0-12.1 (IH. b), 7.15 (IH, s), 6.9 (IH, s); m/z 183. 
185. 

Ti^lfrn^Mfiate 4i 2-CMoTO-5-methnxvcarboi ivl-6H-thienor2.3-ftliivrrole 

OMe 

s-^l^j o 

Sodiuin (659 mg, 28.7 mL) was added to dry methanol (20 naL) and the mixture stirred at 
ambient teaperature for 30 mins before cooling to -20 "C. 2-Chlorothiophene-3 - 
carboxaldehyde(GronowitzefaZ,. Tetrahedron VoL32 1976 p. 1403; 1.17 g, 7.2 mmol) and 
methyl azidoacetate (3.3 g, 28.7 mmol) were added as a methanol (10 mL) solution and the 

10 reaction was stirred from -20 °C to 10 °C over 16 hours. The reaction was poured on 
saturated mUCl (300 mL) and extiracted with DCM (3 x 100 niL). The combined organic 
phases were washed with water (2 x 100 noL), brine ( 100 niL), dried (MgS04) and the solvent 
removed under reduced pressure. The crude product was redissolved in xylene (50 mL) and 
added dropwise to refhudng xylene (150 mL) and stirred for at reflux for a fiirther 30 mins 

15 aftra: the addition was con?)lete. The solvent was removed ujider reduced pressure to afford a 
yellow soUd which was recrystallised (25:75, BtOAC: iwhexane) to afford the tide compound 
(1.06 g, 69%) as a solid. 

^HNMR(CDC10 5: 9.4-9.2 (IH, br). 7.0 (IH, s), 6.9(1H, s), 3.9 (3H, s); m/z 214, 216. 

20 Tntermediate 5t tert-Bntvl rflR.2RV2- i'inlTin-2.3-Hihvdro-lg-ijidCTi-l-vnmfiaiYl 
carba mate 

boc — 

(lX,25)-l-[(tert-Butoxycarbonyl)(methyl)amino]-2,3-dihydro-ljff-iQden-2-yl 
methanesulfonate (Intemiediate 6; 3.0g, 8.8mmol) and sodium azide (2.3 g, 35.2 mmol) in 
25 dry DMA (30 noL) was heated to 90°C for 7 hours. The reaction was cooled and ethyl acetate 
(100 mL) added. The mixture was washed with water (6 x 25 mL), brine (50 noL) and dried 
(MgS04). 10% Palladium on carbon (400 mg) was added to the organic solution which was 
stirred under a hydrogen atmosphere for 4h, ffltered through Celite and evirated. The 
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residue was purified by coluran chromatograpliy (EtOAc and then DCMiMeOH 9:1) to afford 
the tittle compousul (1,2 g, 55%) as a pale brown oil 

^HNMRS: 1.45 (m, 9H), 2.6 (s, 3H), 2.8 (m, IH), 3.3 (m, IH), 4.45 (m, IH), 5.55 (dd, IH), 
7.26 (m, 4H); MS m/z 264. 

5 

Tntermedlate 6; (lg.2S>.l.rftcrt-Bntoxvcarbo" yl>(T«A|^ynflniiiin1-2.3-dihvdro-lH^ 
2-vl methaj iP-'nilfnTiate 



o 

tert-Butyl [(liJ,2S)-2-hydroxy-2,3-dfliydro-lfl^-jnden-l-yl]niethylcarl)amate (Inteimediate 7; 

10 3.0 g, 1 1.4 mmol) was dissolved in dry THF (40 mL) at 10°C. A solution of methane 

sulphonyl chloride (1.44 g, 12.55 mmol) in dry TEIF (10 mL) was added, the reaction allowed' 
to warm to ambient temperature and stirred for 30 nmis. The volatiles were removed by 
evaporation under reduced pressure and ethyl acetate (100 mL) added. The mixture was 
washed wifli water (2 x 50 mL), brine (50 mL) and the organic phase was dried (MgS04), 

15 filtered and evirated. The residue was purified by column chromatogr^hy 
(BtOAcrHexane) to afford the title con^wund (3.1g, 80%) as a colourless synq). 
^HNMRS: 1.46 (s. 9H), 2.61 (s. 3H), 3.12 (m, IH), 3.18 (s, 3H), 3.32 (m, IH), 5.45 (m, IH), 
5.68 (m, IH), 7.28 (m, 4H); MS m/z 342. 

20 Intermediate 7: tert-Butvl r(llg.2S>-2 -hvdroxv-2.^-HihvHrn-lflr-inden-l- 

boc-.|M'^ 



^gr^Butylmethyl[(li^,25)-2-(tetrahydro-2F-py^an-2-yloxy)-2,3-d^hyd^o-lJy-jnden^ 
yl]carbamate (latemiediate 8; 4.0 g, 1 1.5 mmol) was dissolved in methanol (50 naL), 4- 
25 toluene sulphonic acid added and the reaction stirred at ambient tenoperature for 2 hours. 
Saturated NaHCCb (50 inL), water (100 mL) was added and ethyl acetate (100 mL) was 
added and the nmxture stirred for 30 mins. The organic phase was separated, washed with 
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water (50 eqL), brine (50 mL) and dried (MgS04). The volatiles were removed by evaporation 
tinder reduced pressure to give the title corcpoimd (3.0 g, 99%) as an oil 
^HNMRS: 1.45 (s, 9H), 2.6 (s, 3H), 2.75 (no. IH), 3.05 (m, IH), 4.5 (m. IH), 5.05 (m. IH). 
5.34 (m, IH), 7.03-7.3 (m, 4H). 

5 

Intermediate 8; tert'Bnt\lmeih\V(lR:2S\-2-(tettshydro-2H-v 

boc--.fj'^ 




tert-Butyl[(li2,2S)-2-(tetrahydro-2iy-p)Tan-2-yloxy)-23-dihydro-lH-inden-l-yl]c^^ 
10 (Intermediate 9; 4.0 g, 12.0 mmol) was dissolved in dry DMA (25 mL) at 5°C. 60% Sodium 
hydride (575 mg, 14.4 mtnol) was added, the reaction stirred at 5''C for 30 mins, allowed to 
warm to ambient ten^eratuie and stirred for a farther 30 mins. Methyl iodide (896 \iL, 14.4 
mmol) was added and the reaction stirred at ainbient ten^erature for 3 hours. The reaction 
was poured into watCT (100 naL) and extracted with ethyl acetate (2 x 50ml). The organic 
15 extracts wec& washed with water (6 x 25 mL), brine (50 naL) and dried (MgS04). The 

volatiles were removed by evaporation under reduced pressure to give the title conopound (4.1 
g, 97%) as an oil. 

^HNMRS: 1.4-1.9 (m, 6H), 1.5 (s, 9H), 2.7 (dd, 3H), 2.85-3.3 (m, 2H), 3.5 (m, IH), 3.7-40 
(m, IH), 4.6-4.9 (m, 2H), 5.5-5.85 (m, IH), 7.2 (s, 4H). 

20 

Intermediate 9t ter^-Butvl Ff llg^-2-ftetrahvdro- 2g-iivran-2.vlnYvV2.3-dihvdro-m- 
tnden-l-vllcarba nnate 




tert-Butyl [(li?,25)-2-hydroxy-2,3-dihydro-lJy-inden-l-yl]carbamate (Intennediate 10, 7.0 g, 
25 28.1 mmol) and 3,4-dihydro-2H-pyran (4.7 g, 56.2 nmoQl) dissolved in DCM (50 mL). 4- 
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Toluenesulphonic acid pyridinium salt (100 mg) was added and the reaction stirred for 4 
hours at anibieat tenqjerature. The reaction was diluted with ethyl acetate (100 mL), washed 
with water (2 x 50 mL), brine (50 naL) and dried (MgS04). The volatiles were removed by 
evaporation under reduced pressure to give the tide compound (8.9 g, .95%) as an ofl. 
5 ^HNMRS: 1.25-1.85 (m. 6H), 1.45 (s, 9H), 2.85-3.1 (m, 2H), 3.4 (m, IH), 3.8 (m. IH), 4.35- 
5.1 (m, 3H), 6.8 (dd, IH), 7.2(s, IH). 

Intermediate 10: teft-Bntvl raig.2y>-2-livdroxY -^i^-H1Tivriro-lg-indeii-l-vncarbamate 



HN 



HO" 



10 (lli,2S)-l-Amino-2,3-dihydro-Lff-inden-2-ol(CAS Reg. No. 136030-00-7; 10 g, 67.1 mmol) 
was dissolved in DCM (550 inL) and BtaN (18.7 mL, 134.2 nmaol). Di-fert-butyl dicarbonate 
(18.3 g, 83.9 mmol) in DCM (50 mL) was added and the mixture stirred at ambient 
tai5)erature for 20 hours, anf then evaporated. EtOAc (200 naL) was added, the solution 
washed with wat^ (200 mL), dried (MgS04) and liie volatiles removed under reduced . 

15 pressure: The carude product was purified by flash column chroina^ 

hexane:EtOAc eluent) to provide the title compound (16. 1 g, 96%) as a white solid. 
^HNMRS: 1.42 (m, 9H), 2.78 (dd, IH). 3.00 (dd, IH), 4.36 (m, IH), 4.84 (m, IH), 4.95 (m, 
IH), 6.3 (d, IH), 7.13 (m, 4H). 

20 Intermediate 11 r Ethvl iV-rfacetvloxv^acet vI1-iV-frijg.2RV2-ir(2-chloro-6H-thienor2,3- 
&1iivrrol-S.vniarboii vllamliin^-2,^-«iiTivdrn-1fr-indeii-l-v1>ylvnnate 

Ethyl Ar-((12?,2Je)-2-{[(2-cMoro-6J?-thieno[2,3-fc]pyrrol-5-yl)carbonyl]amino}-2,3-dihydro- 
Lff-inden-l-yl)glycjnate (Intermediate 12; 820 mg, 2.0 mmol), acetoxyacetic acid (236 mg. 
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2.0 mmol) and HOBT (270 mg, 2.0 lamol) were dissolved in DCM (20ml), stirred for 5 
minutes, EDCI (480 mg, 2.5 mmol) added and the mixture stirred at ambient teoparature for 
4 hours. The voktiles were removed by evaporation tinder reduced pressure and EtOAc (25 
niL) added. The mixture was washed with water (2 x 10 mL), brine (10 mL) and dried 
5 (MgS04), filtered and solvent removed xmder reduced pressure. The residue was purified by 
cohmm chromatography (SiOz, EtOAc:Hexane) to afford the title compound (750mg, 75%) as 



^HNMRS: l.l(t, 3H), 2.02(s, 1.5H), 2.08(s, 1.5H), 2.9(m. IH), 3.25(m. IH), 3.68(m, IH), 
4.0(m, 3H), 4.68(m, IH), 5.0(m, 2H), 5.45(d, 0.7H), 5.9(d, 0.3H), 7.2(m, 6H), 8.45(d, 0.3H), 
10 8.55(d,0.7H), 11.8(s,0.3H), 11.84(s,0.7H). 

Intermediate 12; EthvIiV-(flig.21g)-2-irf2-chloro-<tH-thienor2 .3-MDViTol-5- 
yl)«»gi4inTiYl]iiiiiinn }.l^^.aihvd ro-Lg-mdea-l-vRglvcinate 



15 i\r-[(lJ?,2/?)-l-ArDino-2,3-dihydro-l£r-inden-2-yl]-2-cmoro-6Jy-thieno[2,3-i>]pyrrole-5 
carboxamide hydrochloride salt (Xntermediaie 13, 1.8 g, 5.0 mmol), DIPEA (856 fxl, 5.0 
mmol), ethyl glyoxalate (1.02 ml, 50% solution in tohiene, 5.0 mmol) and acetic acid (300 pi, 
5.0 mmol) were dissolved in anhydrous THF (40 ml) and stirredat ambient ten^jerature for 1 
hour. Sodium triacetoxy borohydride (1.6 g, 7.5 mmol) was added, the reaction stirred at 

20 ambient tennperature for 4 hours. HQ (IN, 10ml) and BtOAc (75ml) were added and the 
phases separated. The organic phase was washed with saturated NaHCOa (25nd), water 
(25ml), brine (25ml), dried (MgS04) filtered and the solvent removed under reduced pressure. 
The residue was purified by column chromatography (SiOz; BtOAcrHexane) to afford the title 
compound (1.7 g, 81%) as a solid. 

25 ^HNMRS: 1.27 (t, 3H), 1.80 (hr s, IH), 2.82 (dd, IH), 3.7 (m, 3H), 4.22 (m, 3H), 4.5 (m, 
IH), 6.78 (m, 2H0, 6.85 (s, IH), 7.25 (m, 3H), 7.37 (m, IH), 10.68 (s, IH). 
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Intermediate 13; iV-rai?^2^'>-1 - Anii «n-'2,^-Hih Ydro-lg-mdgii-2-vn-2-cih lorD-6H- 
fliiciior2.3-&1pviTOle- ^-faT-hnTOTnirtft hyd rochloiide salt 

QH-N 
3 1 




5 l£r-indeii-l-yl)carbamate (Intmnediate 14; 3.5 g, 8.1 nmoDl) was siispended in DCM (10 



mL). B.CL (20 mL, 4N in dioxane, 80 mmol) was added and reaction stired at ambient 
teicperatuie for 48 K The volatiles were removed under reduced pressure; the resulting solid 
was azeotcoped withEtOAc (4 x 50 mL) and dried in vacuo to afford the title compound (2,91 
g, 97%) as a brown solid. 
10 ^HNMRS: 3.04 (dd, IH), 3.87 (dd, IH), 4.65 (m, IH), 4.83 (hr s, IH), 7.15 (m, 2H), 7.33 (m, 
3H), 7.69 (d, IH), 8.80 (hr s, 3H), 8.96 (d, IH). 12.00 (s, IH). m/z 330, 332 [M-H]-. 

Intermediate 14; tert-Butvl ((lJg.2R^-2-irf2-ch1oro-6H-thi enor2.3-&Tpvrrol-5- 
Yi)^ai-h«iiYnaiiiinn )-l.:^-dlhvd ro-lH-inden-l-vl>carbamate 



(122, 2/?)-2-Araino-l-[(l,l-dimethylethoxy)carbonylamino]indan (Intennediate 15; 3.7 g, 15 
mmol), 2-chloro-6fl-thieno[2,3-lb]pyn:ole-5-carboxylic acid (Litermediate 3; 3.0 g, 15 
mmol), HOBT (2.03 g, 15 mmol) and DIPEA (2.83 mL, 16.5 mmol) were suspended ia DCM 
(60 mL) and stirred at ambient ten?)erature for 5 mins. EDAC (3.57 g, 18.75 mmol) was 
20 added and the mixture stirred at ambient tenyerature for 20 hours. The resulting precipitate 
was fiatered, washed with DCM (2 x 20 mL) and dried to afford the title conqjound (5.35 g, 
67%) as a yellow solid. 

^HNMRS: 1.38 (s, 9H), 2.81 (dd, IH), 3.17 (dd, IH), 4.56 (m, IH), 5.14 (m, IH), 7.01 (s. 
IH), 7.16 (m, 5H), 7.32 (d, IH), 8.47 (d, IH), 11.82 (s, IH). 




HN 



15 




25 
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Intermediate 15: (IR. 2g>-^-Aniiii n-1.[(1,UHinipthy1etho xv^carbonv1 aTnmn1i^ 




Ci5'-l-[(l,l-Dimetiiyleflioxy)carbonylai2mo]-^^ 10; 14.0g, 

56.2iiimol) was dissolved in DCM (200 ml) and triethylamine (11.8 ml, 84.3mmDl). 
5 Methanesulfonyl chloride (7. Ig, 61.9inmol) dissolved in DCM (20 ml) was added and the 
mixture stirred at room ten5)erature for 3 hours. The mixture was evaporated and EtOAc (250 
-ml) added. After washing with water and drying over magnesium sulphate the organic 
solution was evaporated to yield cr>l-[(l,l-dimethylethoxy)carbonylanMno]-2- 
methanesulphonyloxyindan (9.7g, 98%) as a white solid 
10 ^HNMRS: 1.45 (s, 9H), 3.15 (m, 2H), 3.18 (s, 3H), 5.20 (m, IH), 5.35 (m, IH), 7.15 (m, 
4H), 7.45 (d, IH). 

Ci.s-l-[(14-diinethyletlioxy)carbonylarQino]-2-methanesulpho (18. Ig, 

55.3mmol) was dissolved in dry dimethyl acetamide (100 ml). Sodium azide (5.4g, 
83.0mmol) was added and flae mixture heated to 90^*0 for 6 hours. The reaction was cooled, 
15 diluted with ethyl acetate (150 ml), washed with water (6 x 200 ml) and dried over 

magnesium sulphate. 10% Palladium on activated carbon was added and the loixture stirred 
under a hydrogen atmosphere for 24 hours. Filtration through celite followed by ev^oration 
gave the title coii5)ound (2.6g, 98%) as a white solid. 

NMR: 1,45 (s, 9H), 2.50 (dd, IH), 3.05 (dd, IH), 3.30 (m, 3H), 4.55 (m, IH), 7.1 (m, 5H). 
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1. 



A confound of fonnula (1): 




o 



(R'), 



'n 



5 



(1) 



wherein: 



R'* and together are either -S-C(RVC(R'')- or -C(R')=C(R^-S- ; 
R^ and R'' are independently selected from hydrogen, halo, nitro, cyano, hydroxy, 
fluoromethyl, difluoromethyl, trifluoromethyl, trifluoromethoxy, carboxy, carbamoyl, 
10 (l-4C)a]kyl, (2-4Qa]kenyl, (2-4C)a]kynyl, (l-4Qa]koxy and (l-4C)aIkanoyl; 
A is phenylraie or heteroarylene; 
n is 0, 1 or 2; 

R* is independently selected from halo, nitro, cyano, hydroxy, carboxy, carbamoyl, 
jVL(l-4QalkylcarbamDyl, J^r,iV-((l-4QaIkyl)2carbamoyl, sulphamoyl, iV-(l- 
15 4Qalkylsu]phamoyl, iV;iV^((l-4C)a]kyl)2Sulphamoyl, -S(0)b(l-4Qalkyl (wherein b is O,l,or 
2), -OS(0)2(l-4C)aIkyl, (l-4Qa]kyl, (2-4C)a]kenyl, (2-4C)a]kynyl, (l-4C)alkoxy, (1- 
4C)aIkanoyl, (l-4C)aIkanoyloxy, hydroxy(l-4Qa!kyl, fluoromethyl, difluoromethyl, 
trifluoromethyl, trifluoromethoxy and -NHS02(l-4QaIkyl; 

or, when n is 2, the two R^ groups, together with the carbon atoms of A to which they are 
20 attached, may form a 4 to 7 membered saturated ring, optionaUy containing 1 or 2 

heteroatoms independently selected from O, S and N, and optionaUy being substituted by one 
or two methyl groups; 

one of R^ and R^ is selected fromRwa, and the other is selected fromRNb; 
Rua: (l-3Qalkyl, halo(l-3C)a]kyl, diha]o(l-3)a]kyl, trifluoromethyl, hydroxy(l-3C)a]kyl, 
25 dihydioxy(2-3Qa3kyl, cyano(l-3C)aiIkyl, methoxymethyl, ethoxymethyl, methoxyethyl, 
methoxymethoxymethyl, dimethoxyethyl, (hydroxy)(methoxy)ethyl, 5- and 6-membered 
acetals and mono- and di-methyl derivatives thereof; 

RNb: (l-4C)aIkyl, halD(l-4Qa]kyl, dihalo(l-4C)alkyl, trifluoromethyl, hydroxy(l- 
4C)alkyl, dihydroxy(2-4C)alkyl, trihydroxy(3-4QaIky], cyano(l-4C)a]kyl, (l-4Qa]koxy(l- 
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4C)aIkyl, (l-4C)a]koxy(l-4C)a]koxy(l-4C)alkyl, di[(l-4C)a]koxy](l-4Qalkyl, (hydroxy)[(l- 
4C)a]koxy](l-4C)aIkyl, 5- and 6-inenibered acetals and nM)no- and di-metiiyl derivatives 
thereof; 

provided that if is (l-3C)a]kyl or (l-4C)aIkyl thenR^ is not (l-4C)alkyl or (l-3Qa]kyl; 
5 or a pharmaceutically acceptable salt or pro-drug thereof. 

2. A pharmaceutical con^osition which coii5>rises a conqxjnnd of the formula (1), or a 
phannaceuticaUy acceptable salt or in- vivo hydrolysable ester thiM^eof, as claimed in claim 1 
in association with a pharmaceutically-acceptable diluent or carrier. 

3. A con5K)und of the formula (1), or a pharmaceutically acceptable salt or in-vivo 
hydrolysable ester thereof, as claimed in claim 1 , for use in a noethod of treatment of a warm- 
blooded animal sixch as man by therapy. 

15 4. A con5)Ound of the fonnula (1), or a pharmaceutically acceptable salt or in-vivo 
hydrolysable ester thereof, as claimed in claim 1, for use as a medicament, 

5. A compound of the formula (1), or a pharmaceutically acceptable salt or in vivo 
hydrolysable ester thereof, as claimed in claim 1, for use as a medicament in the treatment of 

20 type 2 diabetes, iosulia resistance, syndronae X, hyperinsulinaemia, hyperglucagonaemia, 
cardiac ischaemia or obesity in a warm-blooded a-nimal such as man. 

6. The use of a con^und of the formula (1), or a pharmaceutically acceptable salt or in- 
vivo hydrolysable ester thereof, as claimed iu claim 1, in the manufacture of a medicament for 

25 use in the treatment of type 2 diabetes, insulin resistance, syndrome X, hyperinsulinaemia, 
hyperglucagonaemia, cardiac ischaemia or obesity in a warm-blooded animal such, as m a n . 

7. The use of a compound of the formula (1), or a pharmaceutically acceptable salt or ia- 
vivo hydrolysable ester thereof, as claimed in claim 1, ia the manufacture of a medicament for 

30 use ia the treatment of type 2 diabetes in a warm-blooded animal such as man. 



8. A process for the preparation of a compound of formula (1) as claimed iu claim 1, 
which process conoprises: 
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reacting an acid of the formula (2): 




(2) 

or an activated derivative thereof; with aQ amine of formula (3): 




(3) 

and thereafter if necessary: 

i) converting a corcpound of the formula (1) into another compound of the formula (1); 

ii) removing any protecting groups; 

10 iii) foiming a pharmaceutically acceptable salt or in vivo hydrolysable ester. 
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